



N O T I C E 
 
THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 
https://ntrs.nasa.gov/search.jsp?R=19810009689 2020-03-21T14:54:28+00:00Z
- ---- - ---- - --- --- 

















-- ------I 1 _- * 
I & L ,  . . 
(NASA-CB-161655)  COAL G A S I P I C A T I O I  SYSTEHS 1 5 8 1 - 1 8 2 1 4  
ENGINEERING A N D  ANALYSIS, APPENDIX A: COAL 
GASIP;LCATIOI CATALOG F ina l  R e p o r t  (BDfl 
Corp,, H u n t s v i l l e ,  Ala,) 221 p U n c l a s  
HC A I O / ~ F  A O I  CSCL 2 1 D  63/28 4 1 5 6 2  
COAL GASIFICATION SYSTEMS 
ENGINEERING AND ANALYSIS 
FINALREPORT ' 
APPENDIX A - COAL GASIFICATION CATALOG 
December 31, 1980 
This Technical Report i s  submitted t o  George C. Marsllall Space F l i g h t  
Center under Contract Number NASB-33824. 
THE BOM CORPORATION 
"LEGAL NOT ICE" 
"This r e p o r t  was prepared by the organi  za t i on (s )  named below as an 1: account sponsored by the Tennessee Val l e y  Author i ty .  Ne i ther  TVA, the  
orgs;.i s t i o n ( s )  named below, nor  any person a c t i n g  on t h e i r  beha l f :  
I (a )  ,l.:.:es any warranty express o r  impl ied,  w i t h  respect  t o  the accuracy, completeness, o r  usefulness o f  the in fo rmat ion  contained i n  t h i s  repor t ,  l o r  t h a t  the use o f  any in format ion,  apparatus, method, o r  process d i s -  
closed i n  t h i s  r e p o r t  may n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  (b )  
assumes any l i a b i l i t i e s  h i th  respect  t o  the  use of, method, o r  process 
i disc losed i n  t h i s  report ."  
I (Organizat ion(s) t h a t  prepared t h i s  repor t : )  
I 
I - -  
I 





I THE BDM CORPORATION 
I 
' L. 
TABLE OF CONTENTS 
Page 
A - i i i  TABLE OF CONTERTS 
LIST OF FIGURES 
LIST OF TABLES 
1.0 t NTRODUCTION 
1.1  Task 5.1  
1 .2  Output 
1.3 Scope o f  Work 
2.0 SYSTEM CHARACTERIZATION - TASK 5.1.1 
2 .1  Approach 
2 . 2  System I d e n t i f i c a t i o n  
2 . 3  System Descript ion 
2.4  System Stream Character izaton and Raw Mater'als 
2 . 5  System Character izat ion 
2.6 System Component Character izat ion 
2.7 Operations and Maintenance Costs 
3.0 RAW MATERIAL ANALYSIS - TASK 5 . 1 . 2  
4.0 COAL GASIFICATION BY-PRODUCTS MARKET ANALYSIS 
4 . 1  In t roduc t ion  and Sumnary 
4 . 2  Transportation 
4 . 3  By-Product Cost and Market Assessment 
5.0 ALTERNATE PRODUCT ANALYIS - TASK 5 . 1 . 4  
5 .1  Approach 
5 .2  System I d e n t i f i c a t i o n  
5 . 3  System Descript ion 
5.4  System Character izat ion 
6.0 PRELIMINARY INTEGRATED FACILITY REQUIREMENTS DOCUMENT 
APPENDICES 
A REFERENCE CHARACTERIZIATION A-A- 1  
8 SYSTEM CH~.MCTERIZATION 
I 
THE BDM CORPORATION 
TABLE OF CONTENTS (CONTINUED) 
APPENDICES Page 
C SYSTEM STREAM CHARACTERIZATION AN0 RAW M4TERIALS A-C-1 
0 SLMMARY OF FACIL ITY  RELATED COSTS: 
OPERAT!ONS AND MAINTENANCE 
E ALTERNATE PRODUCT SYSTEM STREAM CHARACTERIZATION 
AND RAW MATF,RIALS A-E- 1 
F ALTERNATE PRODUCT SYSTEM CHARACTERIZATION A-F- I 
Figure 
4- 1 By-Product Transportation Costs 
4- 2 Locatians o f  Sulfuric Acid Plants and By-Product 
Smel t e r  Acid Procedures 
L IST  OF FIGURES 
1 d. 
t THE BDM CORPORATION 
1 









NASA System Iden t i t y  
Un i t  Operation Catsgories 
System Component Characterization 
Raw Materials Summary 
By-Product Summary 
Coal Ash Summary 
U.S. Sulfur Outlook 





Sulfur End Uses A-4- 10 
Estimated 1977 End Uses o f  Su l fur ic  Acid A-4- 13 
Regional Pattern o f  U. S.  Production and Shipments 
o f  Liquid and Sol id Carbon Dioxide i n  1977 A-4- 1 5 
Trends i n  Merchant Carbon Dioxide Consumption A-4- 1 7 
Industry Process Heat U t i l i z a t i o n  A-4- : 8 
Characteristics o f  Coal Tars and No. 6 Fuel O i l  A-4-29 
A1 ternate Prcducts Uni t  Operatf on Categories A-5-1 
Alternate Products System Component Characterization 
PRECEDING PAGE BUNK NOT FlLMm 
A-vi  i 

COAL GAS1 F XCATION DATA CATALOG 
1.0 - INTROOl!CT ION 
1.1 Task 5.1 
This task develops the basis f o r  f u r the r  study and u l t imate ly ,  the A/E 
evaluat ion anti reconmended f a c i l i t y  designs o f  Task 5.5. D e f i n i t i o n  of 
candidate systems/subsystems includes the i d e n t i t y  o f  and a l ternates f o r  
each process un i t ,  raw material  requirements, and the cost  and design 
dr ivers  f o r  each process design. Al ternate products studies and a market- 
i n g  analysis o f  by-products have been performed. 
1.2 Output 
The output o f  Task 5.1 i s  the Coal Gas i f i ca t ion  Oata Catalog contained 
herein. Accompanying t h i s  document i n  separate covers are two fac i  1 i t y  
reference documents (prel iminary) based on Texaco and Kopyers-Totzek 
g a s i f i e r  technologies. The p r e l  iminary reference f a c i  1 i t y  documents w i  11 
be revised i n  Task 5.3 t o  accommodate the resu l t s  of Tasks 5.2. 
Scope o f  Work 
The scope o f  work i n  preparing the Coal Gas i f i ca t ion  Data Catalog 
included the fol lowing subtasks: 
Candidate System Subsystem Def in i t ion .  
Raw Materials Analysis. 
Market Analysis for  By-Products. 
a A1 ternate Products Analysi s. 
Prel iminary Integrated Faci 1 i ty Requirements. 
Candidate System/Subsystem D e f i ~ i t i o n  - Task 5.1.1 
De f in i t i on  of candidate systems/subsystems involves the characteriza- 
t i o n  of each f a c i l i t y  subsystem cons t i t u t i ng  the integrated f a c i l i t y  and 
each coal gas i f i ca t ion  module i n  terms of parameters required to  support 
conceptual design costing, cost and performance s e n s i t i v i t y  analysis, raw 
material  and by-product analysis, coal va r i a t i on  and u t i l i t y  trades, and 
supporting techno1 ogy requirements. 
The character izat ion o f  each system/subsystem element includes the 
i den t i f i ca t i on  o f  major components and the design c r i t e r i a  which have major 
impact on design o r  cost  o f  the components. 
These data have been developed from the subsystem designs and trade- 
o f f  studies previously completed i n  other studies by the BDM-Mi t t e l  hauser 
Team as wel l  as from other published documents and prc+r ie tary  studies 
presently i n  the Teams' 1 i braries. 
The subsystem character izat ion data $ave been sumar i  zed f rom appro- 
p r i a t e  flowsheets. Data presented i n  the form o f  de ta i led  matrices include 
major components, lang lead time inputs, outputs, by-products, 
raw materials, and t yp i ca l  operating conditions. I n  addit ion, c r i t i c a l  
technology issues are ident i f ied .  
Major cost elements o f  the system/subsystem have been defined and 
include such i tems as: 
r Capi ta lcos t .  
System capacity. 
r Operoti ng costs (manpower and chemical s and cata lyst ) .  
Maintenance costs. 
1.3.2 Raw Material  Analysis - Task 5.1.2 
An analysis o f  raw material  requirements has been performed f o r  each 
systen! tha t  has been characterized t o  i d e n t i f y  the type, quant i ty ,  qua1 i t y ,  
etc. ,  o f  raw material  (other than coal) required t o  support the TVA Coal 
Gasi f icat ion Fac i l i t y .  
These raw material  requirements have been described as to: 
I d e n t i t y  o f  raw material. 
a Quant i ty  o r  consumption o f  each raw material .  
Source. 
8 Costs. 
r Shipping requirements. 
Market Analysis f o r  By-Products - Task 5 . 1 . 3  
A study was performed wi th  an i n i t i a l  object lve o f  determining the 
potent ia l  sales volume and revenue f o r  each potent ia l  by-product of the 
coal gas i f i ca t i on  faci  1 i ty. 
By-products have been i d e n t i  f l ed  i n  Section 2.4, System Stream Charac- 
t e r i z a t i o n  and Raw Materials. The ex i s t i ng  market f o r  each by-product has 
been iden t l  f led and the potent ia l  demand f o r  each by-product for  these uses 
has been determi oed. 
Alternate Products Analysis - Task 5 . 1 . 4  
The object.ive o f  t h i s  task i s  t o  characterize and def ine the system/ 
subsystems avai lable t o  produce methane, methanol, hydrogen, o r  gasoline 
from an MBG feed stock and t o  characterize the associated cost components. 
Modifications t o  the integrated f a c i  1 i t y  or  addi t ional  equipment require- 
ments, labor, and raw aater ia ls  and t h e i r  associated costs w i l l  be i dsn t i -  
f ied.  The potent ia l  quant i t ies and revenues o f  each a1 ternate product 
previously i d e n t i f i e d  w i l l  be developed as input  su i tab le  f o r  l i f e  cyc le 
cost ing and cash f low analyses. 
Design studies and analyses alrvady performed by the Team w i l l  be 
reviewed t o  summarize methods and costs f o r  producing many o f  the by- 
products. 
The a1 ternate praduetsiprocesses and costs w i  11 be summarized and 
presented w i t h  addi t ional  descr ipt ive material  and appropriate diagrams, 
f lawsheets, schematics and references i n  a l a t e r  report. 
Preliminary Integrated F a c i l i t y  Requirema t s  - Task 5.1.5 
The object ive o f  t h i s  task was t o  specify p re l  iminary integrated 
f a c i l i t y  requirements t o  serve as a basis f o r  design o f  the reference 
f a c i l i t i e s  t h a t  w i l l  be used i n  the comparative evaluation of the TVA A/€ 
designs . 
A l l  the previous subtasks w i l l  be compiled o r  col lected jn to  a pre- 
1 iminary narrat.ive document which describes the Integrated Faci 1 i t y  and the 
des ignkost  speci f i ca t l ons  required f o r  each system/subsystem o f  the faci  l- 
i ty. 
The f a c i l i t y  requirements have been developed based on the above 
subtasks, TVA require:ents, and the Team's previous design studies and 
experience. 
The requirements f o r  Texaco and K-T based p lants have been summarized 
i n  two reports both t i t l e d  "Preliminary Integrated F a c i l i t y  Requirements 
Documnt," i n  conformance wi th  OR-9 speci f icat ions.  Requirements include 
product speci f icat ions (gas pressure, temperature, composition, pu r i t y ,  
volume per day), p lan t  locat ion, coal (proximate and u l t imate analysis) , 
by-product spcci f i c a t i  ons, type(s) o f  gasi f i e r  and other speci f i ed  process 
uni ts ,  sparing philosophy, e n v i r o m n t a l  and safety standards, raw lnatet ial  
and product storage, p lan t  performance (avai labi  1 i t y  , load character is t ics,  
turndown), purchased u t i  1 i t y  and water costs, and product gas cost. 
This prellmlnary docuunt provides a basis for provlalng ( 
grated F a d  11 ty/Module def in! t lon; (2)  the Integrated Facll  l t y  
Document; and (3) the Comparative A/€ eval uatlon. 
, I )  the Inte- 
Requi rernents 
2.0 SVSTEH CHARACTERIZATION 
SYSTEM CHARACTERIZATION - TASK 5.1.1 
The preparation o f  semi-def in i t ive cost  estimates and the performance 
o f  detai  l ed  process engineering calculat ions requi re t h a t  ce r ta in  1 icensi  ng 
o r  con f i den t i a l i t y  agreements be i n  place w i t h  the owners o f  coal gasif ica- 
t i o n  and associated technologies i n  order t o  obta in information necessary 
t o  do t h i s  work. 
I n  the absence of these agreements, studies and evaluations obtained 
i n  the publ ic  domain can be used as a basis f o r  preparing pre l iminary 
process designs and budget ieve l  factored estimates. These budget leve l  
factored estimates are qu i te  o f ten  used i n  the Hydrocarbon and Chemical 
Processing Industr ies t o  make decisions on fu r the r  spending on o r  i nves t i -  
gat ion o f  spec i f i c  projects. 
Usual l y ,  A/E f i rms performing studies on gas i f i ca t i on  pro jec ts  f o r  
c l i e n t s  i n  the pub l ic  domain, such as EPRI, DOE, Bureau o f  Mines, etc., 
have the 1 icensing agreements t o  perform detai  l e d  engineering and cost 
estimates. The data presented i n  these study reports are then sumar '6s o f  
the engineering and cost  estimates which provide a good scal ing base when 
used w i th  good engineering judgment. 
2.1 Approach 
The approach taken i n  preparing the system character i  ra t ions  o f  t h i s  
section has been t o  u t i l i z e  the system designs and t rado-o f f  studies pre- 
viously done by the BDM-Mittelhauser team as wel l  as the other published 
and propr ietary studies i n  the Team's l i b r a r f e s .  These reference data have 
been reviewed, and those references which are most appl icable t o  the refer-  
ence f a c i l i t y  have been i d e n t i f i e d  and summarized i n  Appendix A, attached 
t o  t h i s  report. 
$!..+em I d e n t i f i c a t i o n  
NASA-MARSHALL has provided d e f i n i t i o n  o f  the candidate systems which 
comprise the integrated f a c i l i t y  and have been characterized i n  t h i s  task. 
Table 2-1 i d e n t i f i e s  the% Candidate Systems. 
TABLE 2-1. NASA SYS'fEM IDENTITY 
COAL PREPARATION AH0 FEEDING 
GASIFICATION - KOPPERS-TOTZEK COAL GASIFICATION PROCESS (TEXACO) 
I N I T I A L  GAS CLEANUP & COOLING 
ACID GAS REMOVAL 
SCLFUR RECOVERY AND T A I L  GAS TREATMENT 
AIR SEPARATION 
COMPRESSION 
PROCESS SOLIDS TREATMENT (DEWATERING) 
INCINERATOR 
INSTRUMENTATION AND CONTROL 
COAL HANDLING 
SOLIDS WASTE RECYCLING/OISPOSAL 
BY-PRODUCT PROCESSING 
PLANT POWER SYSTEM 
STEAM GENERATION/DISTRI8UTION 
WATER SUPPLY 
WATER COOLING SYSTEM 
WASTE WATER TREATMENT 
GENERAL FACIL IT IES 
ALTERNATE PRODUCTS 
NUMBER 
TABLE 2-2. U N I T  OPERATION CATEGORIES 
COAL RECEIVING, STORAGE AND TRANSFER 
COAL PREPARATION AND FEEDING 
GASIF ICATION 
GAS COOLING 
ACID GAS REMOVAL 
COMPRESSION 
SOLIDS TREATMENT SYSTEM 
TAU-OIL SEPARATION 





COOLING WATER SYSTEM 
INCINERATION 
A I R  SEPARATION AND OXIDANT FEEDING 
F I N A L  SOLIDS DISPOSAL 
BY-PRODUCT STORAGE AND LOADING 
SULFUR STORAGE AND LOADING 
STEAM GENERATION 
RAW WATER TREATMENT 
FLUE GAS TREATMENT 
PLANT ELECTRICAL SYSTEM 
BUILDINGS AND SUPPORT F A C I L I T I E S  
CONTROL AND INSTRUMENTATION 
Data reported i n  the 1 i te ra ture  and studies has been based on a more 
discrete level o f  un i t  operations. I n  order t o  manipulato the reported 
data as l i t t l e  as possible, the BDM-Mittelhauser Team iden t i f i ed  the pe r t i -  
nent u n i t  operations that  are t yp ica l l y  included i n  a Coal Gasif icat ion 
Faci 1 i t y  and obtained cost and system characterizations on that  basis. 
Table 2-2 iden t i f i es  the u n i t  operations tha t  were used t o  summarize data 
f o r  t h i s  report. The summarized data has been reported on the unit opera- 
t i o n  level. 
2.3 System Description 
A b r i e f  descr ipt ion of each u n i t  operation has been included i n  t h i s  
section. Several u n i t  operat ions have a1 ternate process i ng technologies 
avai lab le  fo r  use i n  d i f f e r e n t  gas i f i ca t i on  f a c i  1 i t y  schemes. These a1 te r -  
nates have been characterized t o  represent the choice of technologies 
avai lable t o  the Integrated Faci 1 i t y  which I s  y e t  t o  be designed. 
Each descr ipt ion addresses the cost and design dr ivers  o f  the u n i t  
operations, as wel l  as the issues of c r i t i c a l  technology addressed thus fa r  
i n  the study. 
SYSTEM NUMBER 11 
UNIT OPERATION-R 10 
DESCRIPTION C O ~ E I V I N G .  STORAGE AND TRANSFER 
The Coal Receivihg, Storage and Transfer System provides f o r  the unloading 
o f  coal del ivered t o  the p l a n t  e i t h e r  by barge o r  t ruck,  t ransport ing the 
coal t o  storage, reclaiming the coal form storage, reducing the s ize o f  the 
coal,  and t ransport ing the coal t o  Coal Preparation, U n i t  Operation 11. 
ROM Coal i s  unloaded from the barges by the barge unloading subsystem which 
i s  designed t o  unload up t o  ten  1500 ton capacity barges per s h i f t .  The 
coal i s  unloaded a t  an average r a t e  o f  1200 tons per hour on a 5 day/week 
basis. Coal i s  transferred by conveyor t o  a rad ia l  stacker which then 
forms a kidney shaped coal p i l e  containing l i v e  and dead storage. Coal i s  
reclaimed from the l i v e  storage and conveyed t o  a Bradford Breaker where i t  
i s  reduced t o  2"xO size. Coal from trucks i s  unloaded i n t o  a chute from 
which i t  i s  conveyed t o  the Bradford Breaker. From there, the crushed coal 
goes t o  day storage s i l o s  from which it i s  t ransferred by v ib ra t i ng  b e l t  
conveyors t o  Coal Preparation, U n i t  Operation 11 , f o r  f u r the r  processing. 
Coal f ines  are co l lec ted  and sent t o  Gas i f i ca t ion  (depending on process), 
Un i t  Operation 20; coal f i r e d  b o i l e r  fo r  Steam Generation, Un i t  Opera- 
t i o n  84; Solids Disposal, Un i t  Operation 81; o r  By-product Storage, U n i t  
Operation 82, f o r  sales. 
The Oesi gn Dr ivers i ncl  ude: 
Coal bu lk  density; 
81 ending requirements ; 
Angle o f  repose; 
Equipment layout; 
Sampling requirements; 
Coal s ize  d i s t r i bu t i on ;  
Barge o r  Rai 1 del i very; 
Coal moisture; 
Coal hardness; and 
Climate. 
The Cost Drivers include: 
1 ) Vol ume and shape o f  coal ; 
2) Avai lable land area; 
3)  Conveyor length and width; 
4) Constructidn materials;  
5)  Days o f  storage; 
6) Concrete requirements ; and 
7) Equipment summary. 
SYSTEM NUMBER 1 
UNIT O P E R A T I O N ~ B E R  1 1 
OESCRIPTION - COAL PREPARATION 
This system receives raw coal from Coal Receiving, Storage and Transfer, 
U n i t  Operation 10; reduces the coal t o  the proper size; screens out and 
recycles the oversize f rac t ion ;  and transfers the proper ly  slzed coal t o  
Gasif icat ion, U n i t  Operation 20, f o r  d i r e c t  gas i f i ca t i on  o r  f u r the r  
treatment. 
I n  some gasi f iers,  such as Lurgi ,  the Coal Preparation System i s  not  p a r t  
c f  the gas i f i e r  1 icensor' s p ropr ie ta ry  technology. I n  others, such as 
Texaco, f i n a l  crushing and s lu r r y ing  i s  p a r t  o f  the propr ietary package, 
whi le  i n  the Koppers-Totzek process a: 1 coal crushing, dry ing and feeding 
i s  considered propr ie ta ry  by the I icensor. 
Crushed coal 2"xO i s  received by v ib ra t i ng  b e l t  feeder from Coal Receiving, 
Storage and Transfer Un i t  Operation 10. Tramp i r o n  separators then remove 
ferrous metal items from the coal stream and discharge them outside through 
the tramp i r o n  chute. The coal i s  then weighed on a b e l t  weigher a f t e r  
which i t  goes t o  a s i z ing  crusher. The sized 1/4"x0 coal i s  stored i n  
g a s i f i e r  feed surge bins from which i t  i s  conveyed by v ib ra t i ng  b e l t  
feeders t o  Gasi f icat ion,  Un i t  Operation 20, a t  a t o t a l  ra te  of about 20,000 
TPO f o r  the four modules. 
Coal f ines are co l lec ted  and sent t o  Gas i f i ca t ion  (depending on process); 
coal f i r e d  b o i l e r  f o r  Steam Generation, Un i t  Operation 84; Solids Disposal, 
Un i t  Operation 81 ; o r  By-product Storage, Un i t  Operation 82, f o r  sales. 
The Design Dr ivers include: 
1 )  Fines minimization (Lurg i )  - product coal s'zc;  
2 )  Coal source (ROM o r  washed) ; 
3) Blending requirements; 
4) Hardgrove g r i  ndabi 1 i ty ;  
5 )  Ang leo f  repose; 
6) Noisture content; 
7) Coal bulk  density; 
8) Sanp 1 i ng requirements ; and 
9)  Waste h e a t a v a i l a b i l i t y f o r c o a l  drying. 
The Cost Drivers include: 
1) Gas i f ie r  feedcoal  sizerequirements 
2) Plant layout 
31 Ciral source (ROM o r  washed). 
C r i t i c a l  technologies ident i  f i ed  as needing study and davelopment work are: 
Wet coal g r i nd ing -  wet grinding a p p l i e s t o t h e T e x a c o g a s i f i c a -  
t i o n  system. Maximi ra t ion  of  pumpable coal s lu r ry  concentrations 
leads t o  improved tharmal ef f ic iency.  Needs Include i den t i f  ica- 
t i o n  of optimum pa r t i c l e  size distr ibut ions,  methods o f  producing 
optimum dist ibut ions, and the e f fec t  o f  coal blending. 
0 Coal Blending - Needs i n  coal blending Include automatic b!end 
control technology, data on e f fec t  o f  blending on gas i f i e r  slag 
properties, and e f f ec t  o f  blending on gas i f i e r  residence time 
requirements. 
Recycle o f  waste water - U t i l i za t i on  of  waste water f o r  coal 
s lu r ry  preparation i s  one method o f  u t i  1 i z ing  t h i s  material. 
Needs include iden t i f i ca t ion  o f  the buildup o f  tox ic  materials i n  
recycled waters and methods o f  cont ro l l ing same through side- 
stream treatment o r  b l  owdown. 
SYSTEM NUMBER 2 
UNIT OPERATIONXR~BER 20 
OESCRIPT ION  CATION - KOPPERS-TOTZEK 
The Koppers-Totzek g a s i f i e r  1 s a h igh temperature, cocurrent entrained f low 
g e s i f i e r  which accepts coal from Coal Preparation along w i t h  oxygen and 
steam t o  produce intermediate 8TU gas. I t  i s  a propr ietary u n i t  1 icensed 
by Krupp-Koppers o f  Germany. Sized coal 1/4"xO from Coal Preparation, Un i t  
Operation 11, enters the pretreatment area o f  Gasi f icat ion,  U n i t  Operation 
20, where i t  i s  crushed and ground t o  70% minus 200 mesh, and d r i ed  t o  2% 
moisture. It i s  then fed t o  e igh t  screw conveyors tha t  feed four  pa i r s  of  
burners located 90' apart. There are four  feed po in ts  on the four-headed 
g a s i f i e r  w i t h  2 burner heads a t  each point.. Each burner p ro jec ts  a j e t  t o  
converge w i t h  the 1 i ne  of discharge o f  the other. Oxygen from A i r  Separa- 
t i on ,  U n i t  Operation 80, and steam from Seam Gencratjon, U n i t  Operation 84, 
carry the coal through the burners i n t o  the gas i f i e r .  
The oxygen, steam and coal reac t  t o  gasi fy  the carbon and v o l a t i l e  matter 
o f  the coal and t o  convert the coal ash i n t o  molten slag which i s  sent t o  
Solids Treatment, U n i t  Operation 31. The gas e x i t i n g  each g a s i f i e r  i s  
d i r e c t  water quenched t o  below the ash fusion temperature, i n  order t o  
s o l i d i f y  entrained slag droplets. The remaining slag forms a layer  on the 
re f rac tory  wal l  s and flows down through a separate chute i n t o  quench tanks. 
Low pressure steam i s  produced i n  the water jackets o f  the gas i f i e rs  from 
waste heat t ha t  passes through the ref ractor ies.  
A f te r  the gas i s  quenched, gas and entrained ash p a r t i c l e s  pass through a 
waste heat b o i l e r  where the gas i s  cooled t o  approximately 350°F by r a i s i n g  
high pressure steam. The gas i s  then scrubbed f a r  pa r t i cu la te  removal. 
The clean intermediate BTU product gas i s  then fu r the r  cooled i n  Gas Cool- 
ing, Un i t  Operation 2 1 ,  before going t o  Acid Gas Removal, U n i t  Operation 
22. 
With the K-T g a s i f i e r ,  as w i th  a l l  high tempterature zntrained f l o w  gas i -  
f i e r s ,  no ta rs ,  phenols, o i  l s ,  etc. , are produccd so the gas requi  rcs 1 ess 
cleanup than thcse systems tha t  produce hydrocarbons. Because o f  the h igh 
operat ing temperatures the g a s i f i e r  requires an appreciabie amount o f  
oxygen per pound o f  coal fed. The K-T g a s i f i e r  requires about 0.9-1.0 l b  
0 per l b  coal fed. $team consumption i s  approximately 0.4 1h per l b  o f  
& I .  The higher heating value o f  the dry gar produced from the K-T gar i -  
f i e r  i s  i n  the range o f  285-300 BTU/SCF, The Koppers-Totzek gasi t l e r  
t y p i c a l l y  operates a t  a pressure o f  about 7 psig. Maximum temperatures can 
run as high as 3300aF. 
The Oesign Orivers Tor the system include: 
1) Un i tcapac i ty ,TPDcoa l  
2) Coal (especial l y  ash) propert ies. 
The Cost Dr ivers f o r  the system are the same as the Oesign Drivers. 
A-2-9 
SYSTEM NUMBER 2 
UNIT O P E R A T I O N ~ B E R  20 
3ESCRIPTION GASIFICATION - TEXACO 
The Texaco Coal Gas i f i ca t ion  Process uses a coal s l u r r y  feed, consis t ing o f  
f resh ground coal together w i t h  recycled f i n e  s lag and carbon w i t h  a t o t a l  
so l  i ds  content 50 t o  65% by weight. The s l u r r y  i s  pumped from mix tanks i n  
the gr inding and s l u r r y  sect ioa t o  the g a s i f i e r  s l u r r y  tank. A c i r c u l a t i n g  
pump c i rcu la tes  the s l u r r y  through t h i s  tank and supplies s l u r r y  t o  the 
suct ion o f  the high pressure charge pump. 
The coal-water s l u r r y  i s  fed through a spec ia l l y  developed burner i n t o  a 
re f rac tory - l ined g a s i f i e r  reactor. P a r t i a l  combustion w i t h  oxygen takes 
place a t  a pressure o f  600 psig, o r  higher, and a temperature i n  the range 
o f  2300 t o  2800 degrees F t o  produce a gas consis t ing mainly o f  CO, H , 
CO , and steam. Most o f  the s u l f u r  i n  the coal i s  converted t o  HIS and t8e 
balance converts t o  COS. Nitrogen and argon from the oxygen feed appear i n  
the gas together w i th  most o f  the I- i t rogen frohi the coal. The gas contains 
a small an,ount o f  methane, some unconverted carbon and a l l  o f  the ash i n  
the form o f  slag. The gas i s  essent ia l l y  f ree  o f  uncombined oxysen. 
The upper sect ion o f  the g a s i f i e r  i s  the ref ractory-1 ined chamber i n  which 
the p a r t i a l  ox idat ion react ion takes place. I n  many conceptual designs, 
p a r t  o f  the gas i s  withdrawn and cooled t o  belaw the ash fus ion po in t  by 
mixing w i th  cooled recycle gas. Entrained s lag pa r t i c l es ,  s o l i d i f i e d  by 
cooling, are then removed from the gas. The gas i s  then cooled 9y r a i s i n g  
high-pressure steam i n  a special ly-designed waste heat bo i l e r .  The gas 
then passes t o  the Gas Cooling System, Un i t  Operation No. 21. Tc, date, 
these high-pressure steam generators have not  been commercially proven i n  
coal gas i f i ca t i on  service. 
A t  l eas t  a po r t i on  o f  the gas from the gas generator react io f i  sect ion 
passes s t ra igh t  down i n t o  the quench sect ion or  the gas i f i e r .  This stream 
car r ies  the bulk  o f  the la rger  p a r t i c l e s  o f  slag, and i t  i s  immediately 
quenched w i th  water from the 2300 t o  2800 degree F range t o  about 400 
degrees F. The gas from the generator quench chamber jo ins  the main streaa 
o f  gas going t o  the gas cool ing operztion. 
Water from the g a s i f i e r  quench chamber i s  cooled and combined w i th  water 
frcrn the carbon-scrubber lower section. Both streams contain f i n e  slag and 
unconverted coal. The water stream from the jock hopper and water from the 
f i n a l  product cooler separator j o i n  t h i s  stream, and the t o t a l  flows i n t o  
the f l ash  pot. 
I n  the c l a r i f i e r ,  the f i n e  slag and unconverted coal s e t t l e  out, leaving a 
c l a r i f i e d  water overflow t h a t  i s  pumped back t o  the carbon scrubber v i a  the 
gray water drum. Makeup water i s  added a t  t h i s  point .  
The c l a r i f i e r  underflow i s  fed t o  a centr i fuge fo r  dewaterfng. The concen- 
t ra ted  underflow i s  returned t o  the coal gr inding and s lu r r y ing  sect ion and 
mixed w i th  coal-feed s lurry.  The f i l t r a t e  i s  returned t o  the c l a r i f i e r .  
Most o f  the ash i n  the coal feed agglomerates i n t o  essent ia l l y  capbon-free 
molten slag droplets, which are quenched and s o l i d i f i e d  i n  the lower quench 
sect ion o f  the reactor. This slag 1s se t t l ed  through the quench water i n t o  
the lock hopper. The lock hopper i s  per iod ica l ly  dumped onto a screen, 
from which the slag i s  conveyed t o  the sol ids treatment system. 
The primary cost d r ivers  are: 
Uni t capacity , TPD coal 
Coal (especial l y  ash) propert ies 
Feed s 1 u r ry  concentration 
Operating pressure. 
The major design dr ivers  are the same as the cost dr ivers. 
SYSTEM NUMBER 1 
UNIT OPERATION'-~~~~F/BER 20 
OESCRI OTION GASIFICATION - LURGI 
The Lurgi gas i f i e r ,  dry ash, g rav i ta t i ng  bed type, i s  corma~rcial ly ava i l -  
able from Luryi  Kohle and Minaraloeltechnik. The g a s i f i e r  I s  a water 
Jacketed pressurized u n i t  comprised o f  a series o f  v e r t i c a l l y  stacked 
vessels, There are, from top t o  bottom, a coal hopper, coal lock, water 
jacketed gas1 f ? e r ,  ash lock and ash quench chamber. 
Coal i s  conveyed from Coal Preparation, Un i t  Operation 11, t o  the coal 
hopper from which it i s  fed by grav i ty  t o  the depressurized coal lock 
through a hydrau l ica l ly  operated valve. The lock i s  then iso la ted and 
pressurized w i t h  a sl ipstream o f  i n e r t  gas (malnly N ) and the coal i s  
t ransferred t o  the g a s i f i e r  through another hydraul i ca f  l y  operated valve. 
The empty lock i s  Csolated, depressurized through a bag f i  1 t e r  and vented 
e i the r  t o  the atmosphere o r  the Inc inerator ,  Un i t  Operation 41. The gas 
displaced from the coal ana lock hoppers during loading i s  routed simi- 
l a r l y .  Coal dust recovered i n  ;he f i l t e r  i s  returned t o  the coal hopper, 
The coal f lowing down through the gas produced represents a slowly moving 
bed which has several d i s t i n c t  zones, I n  the f i r s t  zone a t  the top of the 
gas i f ie r ,  coal i s  preheated and dr ied  by contact w i th  the hot  crude gas 
leaving the reactot.  As the coal moves down and i s  heated fur ther ,  devola- 
t i l f z a t i o n  occurs and gas i f i ca t i on  commences. The bot toa of the bed i s  a 
combustion zone where carbon reacts w i th  oxygen t o  form CO and CO . The 
oxidat ion provides the overal l  heat f o r  the gasification and devolagi l i r a -  
t i o n  reactions which are endothermfc. Only a negi i g i b l e  amount o f  unburned 
carbon remains i n  the ash. 
When M0G i s  t o  be made, oxygen from A i r  Separation and Oxidant Feeding, 
Un i t  Operation 80, and steam enter the g a s i f i e r  near the bottom and are 
heated as they r i s e  upward t o  the combustion zone by the hot  ash moving 
down from the combustion zone. Oxygen flow ra te  i s  cont ro l led  t o  accom- 
p l i s h  complete gas i f i ca t ion  o f  coal. Steam ra te  i s  cont ro l led  to  maintain 
a specif ied g a s i f i e r  bottom temperature t o  prevent mel t ing o r  c l i nke r ing  of 
the ash. 
A por t ion  o f  the gas i fe r  process steam i s  generated a t  about the cperating 
process o f  the gasi fer ,  i n  the g a s i f i e r  jacket. The balance i s  provided 
through waste heat recovery or  from Steam Generation, Un i t  Operation 84. 
The crude gas leaving the g a s i f i e r  contains appreciable quant i t ies o f  ta rs ,  
o i l s ,  naptha, phenols, f a t t y  acids. ammonia. hydrogen su l f ide ,  su l fu r  
compounds and a small amount o f  coal and ash dust. The crude g a s i f i e r  
e f f l uen t  temperature ranges from 57 jaF  t o  over iOOO°F. The e f f l uen t  flows 
through a scrubbing cooler where i t  i s  washed w i t h  a stream o f  process 
condensate. The washing process quenches the gas t o  about 350 - 400°F and 
condenses the h igh bo i  1 ing tar f ract ions. Coal and ash dust are removed 
- .  
A I.. 
w i t h  the condensed t a r  leaving the quenched e f f l u e n t  gas essent ia l l y  f ree 
o f  particu1at.e matter. 
Ash from the process I s  continuously col lected by a r o t a t i n g  ash grate and 
moved t o  the ash lock hopper. Ash co l lec ted fn the lock i s  depressurized 
and discharged batchwise t o  an ash quench chamber where i t  I s  cooled I tr 
water. The ash lock i s  pressurized w i t h  steam. 
The abrasive s lu r r y  from each g a s i f i e r  t r a i n  flows t o  a commcn t ransfer  
t ~ n k  using water as the mctive f l u i d .  Ash grinders are provided t o  prevent 
lar!;c : hunks of slag from plugging t rans fer  l ines. The ash. slurry i s  then 
sent c?; Solids Treatment, Un i t  Operation 31. 
The primary cost and design dr ivers  are: 
Coal and Ash propert ies 
Capnc i t y  , TPO o t coal 
System pressure 
SYSTEH NOMBER 2 
UNIT O P E R A T I O N ~ E R  20 
DESCRIPTION  CATION - BABCOCK AN0 WILCON 
The Babcock and WIlcox g a s i f i e r  4s a h igh  temperature, cocurrent entrained 
f low g a s i f i e r  whSch accepts coal from Coal Preparation along w i t h  oxyger; 
and steam t o  produce mdlm BTU gas. It i s  a propr ie ta ry  u n i t  l icensed by 
eabco~  k & W l 1 cox. 
Sized coal 1/4"x0 from Coal Preparation Onit Operation li, enters the 
pretreatment area o f  Casificat:on, Un l t  0pq;ration 20, where i t  i s  pulver- 
I r e d  t o  70% minus 200 mesh and tangent ia l l y  i n jec ted  through two rows of 
water cooled nozzles i n t o  the gas i f i e r .  Recycled char from the g a s i f i e r  
o u t l e t  gas cyclo?es i s  a lso in jec ted  through water cooled nozzles i n  the 
bottom row o f  burners. Both the coal and char are f i r e d  w i t n  oxygen from 
A i r  Separation, Un l t  Operation 80. The coal rnd  char are p a r t i a l l y  com- 
busted t o  form a hot  reducing gas. A t  the h igh  tcrmperatures present i n  the 
gas i f i e r ,  the ash i n  the coal and char becomes molten and cont~nuously 
flows down the wal ls  o f  the g a s i f i e r  t o  the s lag tap ho:e. From the tap 
hole, the slag enters a water quench tank where i t  i s  cooled. From the 
quench tank i t  flows t o  the Sol i ds  Treatment System, U n i t  Operation 31. 
I n  the gas i f i ca t i on  section, there i s  an inner shel: o f  water cooled tubes 
(water wa l l )  where saturated s?.em 4s produced. In the hot react ion zone, 
the tubes are covered w i t h  a dense re f rac to ry  su i tab le  f o r  contact w i t h  
molter; f lowing slag. Above the react ion zone, the tubes are bare for 
greater rad ia t j on  cool i n g  p r l o r  t o  entrance i n t o ,  the  waste heat bo i  l e r  
section. 
The gas e x i t s  the g a s i f i e r  proper a t  about 1800°F and enters the wastc heat 
b o i l e r  sect ion when i t  i s  cooled t o  700°F. From the waste heat bo i l e rs ,  
the gas enters a cyclone where 90-95% o f  the carryover ash and char i s  
removed. This char and ash stream, as mentioned previously,  i s  In jec ted  
back i n t o  the gas i f i e r .  The 700°F gas i s  f u r the r  cooled and cleaned i n  Gas 
Caol i~rg, Un i t  Operation 21, before going t o  Acid Gas Removal, U n i t  Opcra- 
t i o n  22. 
The Oasign and Cost Dr ivers include: 
1 ) Coal (especial l y  ash) proper t ies 
2; Capacity, TPDcoal 
3 Operating pressure. 
The Cost Drivers Include: 
1) Gas! f i e r  pressure; and 
2) Ash fus ion temperature, 
SYSTEM NUMBER 2 
UNIT OPERATION NUMBER 20 
OESCRIPTION GASIFICATION - SLAGGING LURGI 
This system i s  d iv ided i n t o  the fo l lowing four  subsystems: 
e Coa i- and Flux Feed 
Gas i f i ca t ion  
Raw Gas Treating 
SlagHandling. 
Coal and Flux Feed 
Flux i s  an agent which forms z eutec t ic  mixture w i t h  the coal ash i n  the 
gas i f i e r ,  lowering i t s  melt ing p o i n t  t o  make s lag formation easier. It i s  
shipped t o  the f a c i  1 i t y  from outside sources. 
The coal and f l u x  are mixed i n  Coal Preparation Un i t  Operation 11 and then 
fed t o  the coal bunkers by a b e l t  conveyer systeir. The feed chutes a t  the 
bottom o f  the coal bclnkers contro l  the f low o f  coal i n t o  the coal locks. 
Each g a s i f i e r  has two coal locks tha t  operate automatical ly on a c y c l i c  
bas1s. There, coal locks are pressurized w i t h  mostly N2 and a l t e rna te l y  
feed the coal surge vessei. 
Gas i f i ca t ion  
The design o f  the gas i f i e r  i s  based on propr ietary technology held by Lurgi 
Kohle and Mineraloeltechni k and the B r i t i s h  Gas Corporation. It i s  s im i l a r  
t o  the dry-ash Lurgi gas i f i e r  a,?scribed e a r l i e r ,  except t ha t  i n  the bottom 
o f  the gas i f i e r  the coal ash me:ts as a eu tec t ic  w i t h  the added f l u x  t o  
form slag. The molten slag co l l ec t s  a t  the bottom and i s  removed i n t e r -  
m i t t en t l y  from the g a s i f i e r  through a s lag tap hole. 
The ccal and f lux ,  enter ing the top o f  the Gas i f ie r ,  descends i n  a moving 
bed i n  countercurrent f low t o  steam, oxysen and produced gas. Whi 1 e t rav-  
e l i ng  from the top t o  the bottom o f  the Gasi f ier ,  the coal i s  dr ied, devo- 
l a t i l i z e d ,  and gasi f ied.  The heat required f o r  these three steps i s  sup- 
p l  ied  by the exothermic react ion between the carbon i n  the coal and the 
oxygen i n  the bottom o f  the Gasi f ier .  
As the produced gas passes through the coal bed, i t s  f i n a l  composition i s  
determined by the f o l  lowing: 
- Exothermic and endotnermic react ions occurr ing simultaneously i n  
the gas i f i ca t i on  zone, 
- Formation o f  hydrocarbons, phenols, f a t t y  acids, and minor 
organic compounds i n  the devolat i  1 i z a t i o n  zone, and 
- Evaporation o f  coal moisture i n  the dry ing zone. 
Raw Gas Treat ing 
Raw gas i s  t rea ted  s i m i l a r l y  t o  t h a t  from a dry-ash Lurgi gas i f i e r ,  as 
described e a r l i e r .  
Slag System 
A f te r  the coal ash melts as a eu tec t ic  w i th  the added f l u x  t o  form slag, 
the molten s lag co l l ec t s  a t  the bottom o f  the g a s i f i e r  and i s  tapped i n t e r -  
m i t t e n t l y  through a tap hole i n t o  the Quench Vessel. I n  the Quench Vessel, 
the slag granulates immediately upon contact w i  :h the quench water. The 
granulated s lag f a l l s  i n t o  the Slag Hopper and i s  dumped once or  twice an 
hour. The slag and water mixture t h a t  i s  dumped goes t o  Sol i ds  Treatment 
Un i t  Operation 31. 
The Design Dr ivers include 
1 ) Coal and Ash Propert ies 
2) Gas i f i e r  Pressure. 
The Cost Drivers include 
1 ) Coal and Ash Properties 
2) Gas i f i e r  Pressure 
3) Capacity, TPD coal. 
CRITICAL TECHNOLGGY - 1;NIT OPERATION 20 
C r i t i c a l  technologies i d e n t i f i e d  as needing study and development work are: 
a G a s i f i e r  Ins t rumentat ion - Needs i n  g a s i f i e r s  ins t rumentat ion 
inc lude temperature moni tor ing throughout the g a s i f i e r ,  e a r l y  
de tec t ion  o f  reac to r  ho t  spots, qu ick  response con t ro l  o f  reac- 
t a n t  f l ow con t ro ls .  Re1 i a b i  1 i t y  o f  reac to r  ins t rumentat ion i s  a 
major sa fe ty  f a c t o r  i n  ent ra ined g a s i f i e r s .  
a Reactor e f f l u e n t  f i n e s  removai - E f f i c i e n t  and re1 i a b l e  f i nes  
removal from gaseous products i s  requ i red  f o r  p ro tec t i on  o f  
dowt~stream un i t s .  Needs inc lude mate r ia l s  o f  const ruct ion.  
Reactor Ref ractory  - Development o f  improved reac to r  r e f r a c t o r y  
i s  needed t o  increase t ime between repa.: 1's. Needs inc lude data 
on which coal  p roper t ies  o r  const i tuent;  i n f luence  the r e f r a c t o r y  
1 i fe, and development of improved mate r ia l s ,  app l i ca t i on  methods, 
o r  conf igurat ions.  
a Slag Handling - Needs inc lude s lag  f low con t ro l  techniques f o r  
s lag  d ra in ing .  S lag  v i s cos i t y  con t ro l  i s  a l so  desivable espe- 
c i a l l y  i n  case o f  g a s i f i c a t i o n  o f  coal  blends. 
a Ins t rumentat ion - The appropr ia te  degree o f  automatic closed-loop 
con t ro l  versus human s e t - p o i r ~ t  cor.tr-01 needs t o  be tes ted  and 
establ  ished f o r  d i f f e r e n t  types of  gasi fier's and load s i t ua t i ons .  
Product Data - Improved methods for. p r e d i c t i n g  n i t rogen  and 
sul furs product spectrums from coal p roper t ies  and g a s i f i c a t i o n  
process condi t ions would be a subs tan t ia l  a i d  t o  designing down- 
stream equipment. 
SYSTEM NUMBER 3 
UNIT OPERATION NUMBER 21 
DESCRIPTION RAW GAS COOLING 
The purpose o f  t h i s  u n i t  i s  t o  cool  the g a s i f i e r  e f f l u e n t  gas t o  more 
amenable processing temperatures i n  subsequent systems and t o  separate ash 
and so l i ds  from the  gas. This system desc r i p t i on  i s  dependent upon gas i -  
f i e r  se lec t ion ,  as some g a s i f i e r s  inc lude  one o r  more stages o f  coo l i ng  as 
an integr;; p a r t  o ?  the  g a s i f i e r  system. 
The por- t ions o f  gas cool i n g  associated w i t h  the  j a s i  f i e r  are  p rop r i e t a r y  
and are handled by the g a s i f i e r  l i censor .  The remaining po r t i ons  o f  gas 
cool  i n g  are non-propr ietary.  
Gas coo l i ng  systems genera l ly  cons is t  o f  heat exchangers and pressure 
vessels. The removal o f  heat from a  gas mix ture con ta in ing  t a r s ,  o i l s ,  and 
dust  requi res special  design cons iderat ions t o  prevent p lugging o f  tubes 
and excessive f o u l i n g  o f  coo l i ns  surfaces. These inc lude v e r t i c a l  tubes i n  
exchangers w i t h  process gas on the tube s ide,  and washing o f  the  tube wa l l s  
where requi red w i t h  r e i  n jec ted  gas 1  iquor .  
The pressure vessels are e i t h e r  simple vapor- 1 i q u i d  separators o r  quench 
vessels i n  which water i s  sprayed countercurrent  t o  the gas t o  cool  i t  and 
t o  remove so l  i d s ,  o i  i s ,  t a r s  and some o f  the water vapor from the  gas. 
The pr imary cos t  d r i v e r s  are: 
r Gas quan t i t y ,  and 
r Acid gas removal system temperature requi  rements. 
The pr imary design d r i v e r s  are: 
r System pressure 
r Heat i n t e g r a t i o n  requi  remerits. 
C r i t i c a l  techno1 oyy areas needing study and development work are: 
r High temperature heat recovery - Recovery o f  heat a t  higher- 
temperatures w i l l  make poss ib le  designs of more e f f i c i e n t  p l an t s .  
Needs inc lude  heat t r ans fe r  data on bo th  water and gas sides o f  
exchangers. 
r Long term re1 i a b i  1 i t y  o f  cons t ruc t ion  mate r ia l  s. 
D i s t r i b u t i o n  c o e f f i c i e n t s  f o r  g a s i f i e r  products - Add i t i ona l  data 
on gaseous cons t i tuen ts  and t race  metal compounds are needed f o r  
e f f i c i e n t  design o f  downstream equipment. 
SYSTEM NUMBER 4 
UNIT OPERATION NUMBER 22 
DESCRIPTION A C I D  GAS REMOVAL - SELEXOL 
The purpose of the Selexol u n i t  i s  t o  remove H S ,  other  s u l f u r  compounds. 
and CO from the rav  gas by phys ica l  absorpt&n. This i s  a  p rop r i e t a r y  
p r o c e r l  developed and 1 icensed by A1 1 led Chemical Corporat ion.  
The Selexol process removes s u l f u r  compounds and carbon d iox ide by counter- 
cu r ren t  contact  i n  a  packed absorber us ing dimethyl e ther  o f  polyethylene 
g l yco l  as the s o i ~ e n t .  The t r ea ted  gas from the top o f  the  absorber f lows 
through a knockout drum, and then leaves the system. 
The r i c h  so lvent  from the bottom o f  the absorber i s  usua l l y  l e t  down i n  
pressure through a hydrau l i c  tu rb ine ,  which suppl ies a  p o r t i o n  o f  the power 
requi red by the lean so lvent  s o l u t i o n  pump. It then flows t o  one o r  more 
f l a s h  drums where most o f  the d isso lved hydrocarbon gases i n  the so lvent  
f l a s h  o f f .  Most o f  the d isso lved H S and COS are re ta ined  i n  the so lvent  
because o f  t h e i r  se l ec t i ve  absorpti$n i n  the Selexol solvent.  Flashed gas 
i s  compressed and recycled t o  the gas feed t o  the  absorber. 
The r i c h  so lvent  s o l u t i o n  from the f l a s h  drum i s  preheated by hot  regener- 
ated so iu t i on  i n  a  heat exchanger and f lows t o  the top o f  a  s t r i p p e r ,  where 
absorbed H S. COS, and C02 are s t r i pped  from the so lu t i on .  Reboil  heat i s  
suppl ied b$ low pressure steam i n  a  shell-and-tube r e b o i l e r .  Hot lean 
so lvent  f i r s t  exchanges heat w i t h  r i c h  so lvent  i n  order  t o  reduce r e b o i l e r  
duty and i s  then pumped back t o  the absorber. The lean s o l u t i o n  i s  cooled 
down t o  operat ing temperature w i t h  coo l i ng  water i n  a  s h e l l  and tube 
exchanger. 
Acid gas (H S ,  COS, and CO ) from the s t r i p p e r  overhead i s  cooled t o  120°F 
i n  e i t h e r  i n  a i r  fan coo le r  o r  against  coo l ing  water. The condensate 
produced i n  coo l ing  i s  separated i n  a  knockout drum, and then pumped back 
t o  the s t r i p p e r .  The cooled ac i d  gas f lows t o  s u l f u r  recovery, U n i t  Opera- 
t i o n  36, f o r  f u r t h e r  processing. 
The Design Dr ive rs  include: 
a Gas composit ion 
a Treated gas p u r i  t y  speci f i c a t  ions 
a Sul f u r  recovery u n i t  H2S content requi  rements 
Absorption pressure. 
The Cost Dr i ve rs  include: 
a I n l e t  Gas Capacity, ACFM 
a Moles/hr H S ,  COS, CO, removed 
a Selec t i ve  ?double ad ld  gas stream) o r  nonselect ive ( s i n g l e  ac i d  
gas stream) removal 
a Absorption pressure. 
SYSTEM NUMBER 4 
UNIT OPERATION NUMBER - 22 
DESCRIPTION A C I D  GAS REMOVAL - STRETFORD 
The S t r e t f o r d  Process i s  used f o r  removal o f  Hydrogen S u l f i d e  (H,S) a t  
e s s e n t i a l  l y  atmospheric p ressure .  Th i s  process i s  a  d i r e c t  ox i 'Hat ion 
process which absorbs H2S f rom t h e  crude gas i n  an a l k a l i n e  s o l u t i o n  o f  
sodium metavanadate and anthraquinone d i  s u l  f o n i c  a c i d  and ccnve r t s  i t  t o  
e lemental  s u l f u r .  H2S can be removed t o  l e s s  than  1  PPM i n  t h e  t r e a t e d  
gas. 
The S t r e t f o r d  Process i s  a  p r o p r i e t a r y  process 1  icensed by N o r t h  West Gas 
Board, L td .  , and o f f e r e d  by Parsons and o t h e r s  i n  t h e  U. S .  
The quenched raw gas from Gas Coo l ing ,  U n i t  Opera t i on  21, i s  f s d  t o  e i t h e r  
a  \ ? n t u r i  scrubber f o l l o w e d  by  a  smal l  packed absorber o r  i n t o  a  s i n g l e  
jarget*  packed absorber. The hydrogen s u l f i d e  i s  absorbed by sodium car -  
bonate t o  form sodium hydrosu l  f i d e .  
An i n l e t  temperature o f  below 120°F i s  r e q u i r e d  t o  min imize  t h e  fo rma t ion  
o f  t h e  u n r e a c t i v e  sodium t h i o s u l f a t e  which must be purged from t h e  so lu -  
t i o n .  The " r i c h "  s o l u t i o n  f rom t h e  abso rp t i on  s tep  goes t o  a  r e a c t i o n  tank  
where sod i  urn metavanadate o x i d i z e c  t h e  hydrosu l  f i d e  t o  e lemental  su l  f u r .  
The f o u r - v a l e n t  s t a t e  o f  t h e  vanadium r e v e r t s  back t o  t h e  f i v e - v a i e n t  s t a t e  
due t o  t h e  presence o f  anthraquinone d i s u l  f o n i c  a c i d  (ADA). 
The m i x t u r e  o t  s u l f u r  and S t r e t f o r d  s o l u t i o n  nex t  f l ows  t o  t h e  o x i d i z e r .  
I n  t he  o x i d i z e r ,  t he  ADA i s  r e o x i d i z e d  w i t h  a i r  and t h e  s u l f l l v  i s  f l o a t e d  
and skimmed from t h e  s o l u t i o n .  The sodi  um hydrox ide  and bicat 'bonate pl'o- 
duced by t h e  above sec t i ons  combine t,o form sodium carbopate.  The regener- 
a t e d  s o l u t i o n  i s  r e t u r n e d  t o  t h e  a b s o r p t i o n  step.  
The skimmed s u l f u r  i s  sent  t o  a  s u l f u r  p r ~ r i f i c i a t i o n  syst.cm. Heye, t he  
su l f u r -  f l o a t  conta in ic ig  around 10 \ *e igh t  pe~ ' cen t  s u l f u r  i s  f u r the r -  pt'oc- 
essed i n  f i l t e r s  o r  c e r l t r i f u g e s  t o  separate t h e  s o l u t i o r l  from t h e  f l 'u th.  
The f i l t e r  cake, c o n t a i n i n g  50 t o  60 pe rcen t  so l  i d s ,  can be f u r t h e r  pt'oc- 
essed by m e l t i n g  i n  an autoc lave t o  produce h i g h  grade s u l f u r  which i s  sent  
t o  s u l f u r  by-pt.oduct s to rage.  U n i t  Opera t ion  83. 
T!ie S t r e t f u r S u  pvocess can reduce t h e  H,S co r i t e !~ t  o f  t r e a t e d  q3s t o  l e s s  
than 50 ppm, b u t  i t  does n o t  absorb COS.  ' A 1  so. i t  has r iot , e t  been commer- 
c i a l l y  proved on c o a l - d e r i v e d  gases a t  pressut-es milch above atmosp!ier.ic. 
The j t t - e t i o v d  p r o c e s s  has bee!) pvoven i r i  nldc~!: i n s t d l  l a t  ions i r ~ c l u d i e i g  <<:kt, 
oven gas t rea tment .  P o t e n t i a l  pt-oblems assacia+,ed w i t h  i t s  use i n  g a s i f i -  
c a t i o n  a re  the  presence o f  HCN, o rgan ics ,  and p a r t i c u l a t e s  i n  t he  gas. The 
HCN r e a c t s  i r l  so lut iocr  t o  form NaSCN whict i  i s  s t a b l e  and milst be purged 
from t h e  s o l u t i o n ,  r e s u l t i n a  i n  h i u h  s o l v e n t  makeup cos ts .  I f  t h e  purge 
increases t o  t h e  p o i n t  t h a t  t h e  S t r e t f o r d  process i s  n o t  c o s t  e f f e c t i ~ ~ e ,  
then the HCN must be removed by c o s t l y  p o l y s u l f i d e  wash o r  c a t a l y t i c  oxida- 
t i o n  steps. I f  organics and p a r t i c u l a t e s  are present i n  the quenched gas, 
they cou ld  be removed by the  S t r e t f o r d  scrubber. I f  t h i s  occurs, these 
mate r ia l s  cou ld  d i s c o l o r  the s u l f u r  and impai r  i t s  marketabi 1 i t y .  
The pr imary design d r i v e r s  i n  the S t r e t f o r d  process are 
1) Mole percent CO i n  the feed gas 
2 )  ~ b s o r ~ t i  on- t emhra tu re  
3 )  Feed gas HCN, organics, p a r t i c u l a t e s  
4) Feed gas C05 content. 
CO i s  p a r t i a l l y  absorbed by the a l k a l i n e  s o l u t i o n  which reacts  t o  form 
bigarbonares and lower the pH o f  the so lu t ion .  When feed gases con ta in  
h igh concentrat ions o f  C02, the absorpt ion e f f i c i e n c y  o f  the s o l u t i o n  may 
be s u f f i c i e n t l y  lowered t o  requ i re  an appreciable increase i n  packed 
absorber he ight .  The ventur i /absorber system can remedy t h i s  problem. 
The pr imary cos t  d r i v e r s  i n  the S t r e t f o r d  Process are 
1 ) Moles/hr s u l f u r  equ iva lent  removed 
2 )  Mole%HCN i n t h e  feedgas.  
SYSTEM NUMBER 4 
UNITOPER~TIONNUMMBER 22 
DESCRIPTION A C I D  GAS REMOVAL - BENFIELD 
The purpose o f  the Ben f i e l d  u n i t  i s  t o  remove H S and other  su l f u r  com- 
pounds, and C O Z ,  from the  raw gas by means o f  chcm?cal absorpt ion.  This i s  
a  p rop r i e t a r y  process developed and 1 icensed by Ben f i e l d  Cor3poration, a 
subs id iary  o f  Union Carbide Corporat ion.  
The Ben f i e l d  process removes s u l f u r  compounds and carbon d iox ide  by coun- 
t e r cu r ren t  contact  i n  a  packed absorber us ing an aqueous so lu t i on  of potas- 
sium carbonate a t  a  temperature o f  2 0 0 - 2 3 0 ° F ,  by a p rop r i e t a r y  add i t i ve .  
This a d d i t i v e  promotes the chemical r eac t i on  between the so lvent  and the  
H S ,  C O S ,  and CO t o  be absorbed. A r i c h  so lven t  from the absorber* passes 
d f r e c t l y  i n t o  a  S t r i ppe r  where the  s u l f u r  compounds a re  s t r i pped  from the  
s o l u t i o n  by reboi  1  i n g  against  low pressure steam. 
Because the  H S, C O S ,  and CO, are chemical ly combined w i t h  the so lvent ,  
pressure reducqion i s  no t  as e l f e c t i v e  i n  removing these compounds from the  
so lvent  as i s  the case w i t h  a  phys ica l  so lvent .  
A f te r  s t r i p p i n g ,  the 'lean so lven t  i s  cooled s l i g h t l y  aiid re turned t o  the  
absorpt ion step. 
To achieve deep removal o f  H 5 and CO , a p r o p r i e t a r y  mod i f i ca t i on  known as 
the "Hi-Pure" Process i s  Jsed. l h ? r  process uses two independent bu t  
compatible c i r c u l a t i n g  so lu t ions  i n  ser ies  t o  ob ta i n  both h igh  p u r i t y  
t rea ted  gas and h igh thermal e f f i c i ency .  i h e  gas i s  f i r s t  contacted w i t h  
normal ho t  potassium carbonate t o  remove the bu l k  o f  the ac i d  gases. F i n a l  
p u r i f i c a t i o n  i s  then achieved i n  a  separate absorber us ing a s o l u t i o n  of 
somewhat d i f f e r e n t  composit ion. The two so lu t ions  are regenerated sepa- 
r a t e l y  i n  two sect ions o f  a  regenerator w i t h  the s t r i p p i n g  steam leav ing  
the lower sec t ion  o f  the regeflerator be ing re-used i n  the upper sect ion.  
Primary design d r i v e r s  f o r  the Ben f i e l d  Process are: 
G a s C o m p o s i t i 0 n , e s p e c f a l l y H S , C O S , C 0 ~  
a Treated Gas P u r i t y  speci f i ca t?on  
e CO p a r t i a l  pressure in feed 
Absorption Pressure. 
Cost Dr i ve rs  include: 
a I n l e t  Gas Capacity, ACFM 
a Molesihr ac i d  gas removed 
Absorption Pressure. 
SYSTEM NUMBER 1 
UNIT O P E R A T I O N ~ B E R  - 22 
DESCRIPTION A C I D  GAS REMOVAL - REC7 ISOL 
Ths purpose o f  t h e  Rec t i so l  System i s  t o  p u r i f y  o r  a d j u s t  t h e  compos i t ion  
of t h e  raw gas f o r  subsequent processing.  
Th is  i s  a p r o p r i e t a r y  technology l i c e n s e d  by Lu rg i  Kohle and M ine ra loe l -  
t echn i  k, GmbH. 
The R e c t i s o l  process removes HZS, COS, CO , and naphthas ( i n  gas from L u r g i  
gas i  f i e r s )  us ing  r e f r i g e r a t e d  methanol a$ a p h y s i c a l  so l ven t .  The system 
may be comprised of t he  f o l  lowing subsystems: 
Gas Cool ing  
Naptha Recovery ( o p t i o n a l  ) 
Methanol Recovery 
Raw Gas T r e a t i n g  
F lash Regeneration 
H S Concent ra t ion  
~ 6 t  Regenerati  on 
CO Recovery/Compressi on 
~ e q r i ~ e r a t i o n .  
Gas Cool ing  
Th is  s e c t i o n  i s  used t o  precool  the  gas from Gas Cool ing,  U n i t  Opera t ion  
21, by heat  exchange aga ins t  r e f r i g e r a n t  and c o l d  processed gas. The 
temperature o f  t he  gas i s  reduced from about 100-120°F t o  w e l l  below 
ambient temperature. 
Naphtha and Methanol Recovery 
The Naphtha recovery sec t i on ,  located upstream o f  t he  raw gas t r e a t i n 9  
sec t i on ,  can be used t o  remove organ ic  s u l f u r  ( C O S )  ar,d naphtha-range 
hydrocarbons from the coo led gas. Th is  i s  done w i t h  a small  q u a n t i t y  o f  
c o l d  methanol which i s  then p a r t l y  regenerated by pressirre reduc t i u . i .  
Naphtha i s  separated f rom the methanol by ex t i 'ac t ing  the  methanol i n  a wash 
water  stream. The aqueous straeam i s  regenerated by steam s t r i p p i n q  .and t he  
methanol recovered i n  the  Methanol Recovery Sect ion  by d i  s t i  1 l a t i o n ,  for. 
r e c i r c u l a t i o n  t o  t h e  abso rp t i on  steps. 
Raw Gas T r e a t i n g  
I n  t h i s  s tep,  H,S, COS, and C02 a re  absorbed by r e f r i g e r a t e d  methanol. A 
complex sequenckf o f  absorp t ion ,  f l a s h ,  and heat  exchange equipment i s  usea 
t o  regenerate the  s o l v e n t  and produce lean  methanol f o r  r e c i r c u l a t i o i l  t o  
the  abso rp t i on  steps. 
Flash Reqeneration 
Flash regenerat ion i s  a complex sequence o f  pressure reduct ion steps by 
which absorbed l i g h t  gases ( H Z ,  CO, CH4) are  recovered and compressed fo r  
recyc le  t o  the main MBG strea~n. 
H,S Concentrat ion 
L 
This sec t ion  f lashes o f f  CO from the  r i c h  methanol so t h a t  the  H S conczn- 
t r a t i o n  i n  the ac i d  gas goiag t o  S u l f u r  Recovery U n i t  Operat ion 33, w i l l  be 
maximized, t o  a r o u ~ d  50 volume percent.  
Hot Regeneration 
This sec t ion  s t r i p s  the remaining H S, COS, CO and hydrocarbons from the 
methanol by steam s t r i pp i ng .  The k c i d  Gas ovzrhead i r  cooled t o  recover 
methanol and then goes t o  S u l f u r  Recovery, U n i t  Operation 3b. 
CO, Recovery/Compress i on 
L 
CO f lashec from the r i c h  methanol i n  t l ie H S concent ra t ion sec t ion  i s  
coipressed i n  the CO Recavery/Compression ~ e c ? i o n  f g r  use as lock  gas i n  
Gas i f i ca t ion ,  U n i t  06era t ion  20. I f  no t  needed f o r  t h i s  purpose, the gas 
may be vented. 
Ref r i g e r a t i  on 
This sec t ion  uses l i q u i d  propylene i n  a vapor compression cyc le  t o  prov ide 
subambient coo l i ng  requi red f o r  the remainder o f  the system. 
The Design Dr ive rs  are: 
1 ) H2S/COS/C02 Feed 
2) H2S/COS/C0 Removal requ i red  
3) Su l fu r  !3ec$very nethod 
4)  Ot.gaiiics/Trace Components i n  Feed. 
The Cost Dr i ve rs  are: 
1 )  In le tGasCapaci ty ,ACFM 
2 )  Absorption Pressure 
3 )  I! S/COS Removal rnoles/hr 
4 )  ~ i l v e n t  L O S S  
5)  Se !ec t i v i t y requ i rements  
SYSTEM NUMBER 7 
UNIT OPERATION NUMBER 23 
OESCRIPTION COMPRESSION 
The purpose o f  t h i s  u n i t  i s  t o  compress and d ry  the  MBG gas produced f o r  
d e l i v e r y  t o  the p i p e l i n e  a t  600 ps ig .  The d r y  compressed gas i s  usua l l y  
metered before del i v e r y  t o  t he  p ipe1 ine. 
The colcpressors may be located a t  var ious pc,s i t ions w i t h i n  the o v e r a l l  
processing sequence. Regardless c f  wP.ere the gas i s  compressed, the  d r y i ng  
u n i t  must be the  l a s t  u n i t  i n  the  I B G  ~ r n c e s s i n g  sequence. 
The condensate from the compressor suct ion in te rs tage  and discharge drums 
i s  re turned t o  ttre steam generat ion p l a n t  f o r  use as b o i l e r  feed water. 
Water vapor from the  gas d r y i ng  u n i t  i s  vented t o  the  atmoc?nere. 
The compressed gas i s  d r i e d  t o  meet a spec i f i ed  maximum water content o f  
seven Ib/MMSCF gas by a conventional t r i e t h y l e n e  g l yco l  (TEG) system. The 
TEG system i s  designed t o  normal ly achieve a water l eve l  o f  s i x  t o  seven 
1 b/MMSCF pipe! i ne gas. 
This i s  a non-propr ie tary  process t h a t  can be designed/suppl i e d  by several 
US manufacturers. 
The Design and Cost Gr ivers  are: 
1 )  Gas Prope~* t ies  
2 )  Pressure Boost and Suct ior!  pressure 
3 )  Gas Flow Rate. SCF [ ~ e r  hour. 
CI-i t i c a l  technology areas needing f u r t h e r  study and development work are: 
e Shaft seals for. hydrogen systems - Gooa sea l ing  o f  sha f ts  against  
hydrugerl leakage i s  d i f f i c u l t .  Development work i s  needed f o r  
seal sys tems i n  l arge compressors. 
C r i  t i c a l  technology arzas needing f u r t h e r  study and development work are: 
a COS removal - Removal o f  COS i s  requ i red both f o r  p ro tec t i on  of 
downstream c a t a l y t i c  systems and product speci f i c a t i o n  l'eoui re-  
ments. Sa t i s f ac to r y  techniques a re  no t  now we1 1 developed. 
a Selec t i ve  Solvents - Development o f  more se lec t i ve  so lvents  would 
increase process e f f i c i e n c y  and decroase c a p i t a l  costs.  
Solvent Degradation - L i t t l e  i s  known about so lvent  degradation 
caused by minor cons t i tuen ts  i n  coal  g a s i f i c a t i o n  products. 
D i s t r i b u t i o n  o f  Crganics - L i t t l e  t e s t i n g  has been done concern- 
i n g  t h e  d is t . r i bu t ion  o f  organics i n  coal  g a s i f i c a t i o n  a c i d  gas 
removal systems. 
SYSTEM NUMBER 8 
UNIT OPERATIONXFIUER - 31 
DESCRIPTION SOLIDS TREATMENT SYSTEM 
The purpose o f  t h i s  u n i t  i s  t o  c o l l e c t  and dewater t h e  va r i ous  s o l i d s  
s l u r r i e s ,  o r  sludges r e s u l t a n t  from the F a c i l i t y  Opera t ion  f o r  ecocromical , 
env i  r 'onme~ta i  l y  acceptab le  d i sposa l .  
The processes i r \ vo l ved  i n  t h i s  system ai'e n o n p r o p r i e t a r y  and a r e  s u p p l i e d  
by va r i ous  US vendor's. 
T y p i c a l i y ,  ash 6nd s l a g  from t h e  g a s i f i e r  and gas c o o l i n g  system, b i o l o g -  
i c a l  sludges, and s o l i d  wastes from process condensate t rea tmen t  a re  
t r e a t e d  i n  t h i s  u n i t .  The t rea tment  methods below can be used t o  accom- 
modate t h e  s o l  i d s  t rea tment .  
G r a v i t y  s e t t l e r s  - used t o  separa te  dense s o l  i d s  from t h e  waste streanis. 
F l o a t  t h i c k n e s s - c l a r i f i e r s  - used t o  t r e a t  s l u r r y  from t h e  g r a v i t y  
s e t t l e r s .  Thickeners and coagulent  a i d s  a r e  added t o  f a c i  ! i t a t e  s o l  i d -  
l i q u i d  separa t ion .  
Rotary Dr'um or. Be1 t F i  1 ?e .c - f i 1 t e r j  s ludges from t h e  process conde~sa t t !  
t re: . t ing systems o r  from t h e  f l o a t  t h i ckness .  
Recovered water  i s  sent  t o  t h e  Process Condensate T r e a t i n g  System, U n i t  
Operat iot i  33 ,  and s o l  i d s  are conveyed t o  f ioal Sol i d s  Disposal  , U r l i  t 
Opera t ion  81. 
The Design D r i v e r s  are: 
? ) Sludge Feed Charar t .er i  s t i c s .  
The Cost D r i v e r s  are:  
1 ) Capaci ty  
2: Type Dewater i  rtg Equipment 
3 )  T ranspor t  O i  stance 
3 )  Disposal  Method 
5) Storage Reaui rement. 
C t s i  t i c a l  t e c h n ~ l o y y  arbeas needing Yurther. s tudy and deve1oprne;lt work d r ~ :  
8 ?:*<?ce metals i n  coo l ing ,  qaenitr  w l t t ' r -  - Liivect cc::t..i!:t !>\:?..ec!i 
s l a g  and coo l  ing,'quench water  p ovides an tippot'tuni ty tor. t,r.act. 
metal c o n t a m i n a t i ~ t i  o f  waste water.. Uata or: concentr .at idns i 5 
needed. Methods o f  removal and/or recovery  o t  trSace meta'is r!trcd 
developing.  
0 Leachabi l i ty  o f  metals - Data on l e a c h a b i l i t y  sf  metals from 
asn,'slag disposal p i t s  i s  needed. 
a Zero d i  scharge - Zero d i  scharge concept needs dt?monstrat i ng. 
P~ocess  for  ccncerltratiorl o f  waste contaminants by vapor compres- 
s ion and evaporation need developing. 
SYSTEM NUMBER 13 
UNIT OPERATION NUMBER - 32 
OESCRIPTlON TAR-01 L SEPARATION 
Th is  u n i t  i s  used i n  t h e  Lu rg i  and BGC-Slagging Lu rg i  Processes t o  c o l l e c t  
t he  condensate from G a s i f i c a t i o n ,  S h i f t  Conversion, Gas Cool i ng, and 
R e c t i s o l .  The condensate, c a l l e d  gas l i q u o r ,  con ta ins  t a r ,  o i  1, dus t  and 
o t h e r  i m p u r i t i e s .  G r a v i t y  s e t t l i n g  tanks a re  used t o  separate the  t a r ,  o i  1 
and dust  from the  gas l i q u o r .  The t a r  and dust  a r e  recyc led  t o  G a s i f i c a -  
t i o n  so the re  i s  no c r t  ~ r o d u c t i o n .  The o i l  i s  recovered e i t h e r  as a 
sa leab le  product  or r Ir p i a n t  f u e l .  
Th is  design i s  based 3,: p r ~ p r i e t ~ a r y  technology h e l d  by  L u r g i  Kohle and 
Minera l  oel  t echn i  k ,  GmbH. 
Ousty and o i l y  gas 1 iquors  from the  waste heat  exchangers i n  G a s i f i c a t i o n  
and S h i f t  Conversion a re  combined and coo led i n  an a i r  c o o l e r  be fo re  be ing  
expanded t o  atmospherbic pressure. The pressure drop causes gas t o  be 
re leased from t h e  l i q u o r .  The gas i s  separated from t h e  l i q u i d  i n  t h e  
Ousty Gas Liquor Expailsion Drums. The gas l i q u o r  f lows t o  the Pr imary Gas 
Liquor,'Llil/Tar Separators where the  dusty t a r  i s  wi thdrawn from the  bottom. 
Clear t a r  f lows from the  top  of the  separators over an ad jus tab le  ove r f l ow  
t o  the Tar Tanks. The o i l  f lows w i t h  the  gas l i q u o r  t o  the  Secondary Gas 
Liqucr!Tar/Oil Separators by g r a v i t y  where more t a r  i s  removed and d ra ined  
t o  the Tar -Oi l  Slop Tank. O i l  i s  removed from t h e  secondary t a r  separa tors  
v i a  the  ad jus tab le  over f low t o  the  Tar O i l  Tank. The gas l i q u o r  i s  used 
f o r  i n j e c t i o n  water  i n  g a s i f i c a t i o n .  
O i  1y gas 1 i quor  from Gas Cool i n g  and gas 1 i quo r  from R e c t i s o l  a re  coo led 
p r i o r  t o  e n t e r i n g  the  O i l y  Gas L iquor  Expansion Vessels The gaseous 
components are  re leased i n  the  expansion vessels and t h e  gas l i q u o r  f lows 
t o  the O i l  Separators. The o i  1 i s  withdrawn from t h e  separators over an 
ad jus tab le  overf low. 
The dusty tal' withdrawr, from the bottom o f  the  Pr imary Gas Liquor./Tar*/Oii 
Separators i s  pumped i n t o  t h e  t o p  o f  t h e  g a s i f i e r s .  
Clear t a r  from the Tar Tanks i s  pumped i n  a s im i la r *  r e c y c l e  by t h e  C lear  
Tar Pump t o  t h e  G a s i f i c a t i o n  u n i t .  
The pr imary cos t  and design d r i v e r  i s  t he  q u a n t i t y  o f  t a r  and o i  1 removed 
from the  e f f l u e n t  gas. 
C r i  t i c a l  technology areas needing f u r t h e r  study and development h a r k  
inc lude:  
r Tar 2nd o i  1 p r o p e r t i e s  - Correlat , ion between t a r / o i  1 propert. ;  es 
and coal type are  n o t  a v a i l a b l e .  Development o f  such c o r r e l a -  
t i o n s  as w e l l  as c o r r e l a t i o n s  w i t h  g a s i f i e r  c o n d i t i o n s  would 
improve engineer ing design and/or reduce the requ i red  1 ab work 
preceedi ng a d e t a i  1  cd design. 
a D i s t r i b u t i o n  c o e f f i c i e n t s  - D i s t r i b u t i o n  c o e f f i c i e n t s  are  needed 
f o r  a l l  phase s e p a r a t i ~ ~ n  steps i n  the t a r / o i l  recovery systems 
especi a1 l y  aqueous cons t i tuen ts .  
r Physical  p r o p e r t i e s  - B e t t e r  data on phys ica l  p r o p e r t i e s  o f  these 
systems, such as v i s c o s i t y  and sur face tens ion,  are needed. 
SYSTEM NUMBER 18 
UNIT OPERATIONTNIER 33 
DESCRIPTION PROCESS CONDENSATE TREATMENT 
The purpose o f  t h i s  u n i t  i s  t o  c o l l e c t  and t r e a t  a l l  f a c i l i t y  l i q u i d  e f f l u -  
e n t  streams. The f a c i l i t y  design i s  p red ica ted  on "zero  d ischarge."  A 
wastewater t rea tment  system p e r m i t t i n g  r e c y c l e  and reuse o f  t r e a t e d  water  
wocl d  be r e q u i r e d  t o  meet t h i s  requirement. 
T h i j  system conta ins  var ious  non-p rop r ie ta ry  processes t h a t  can be supp l i ed  
by severa l  US vendors. 
The number, type,  q u a n t i t y ,  and composi t ion o f  1  i q u i d  e f f  1  uents generated 
w i t h i n  t h e  f a c i l i t y  a r e  dependent on the  g a s i f i e r  technoloqy se lec ted  and 
the  process systems se lec ted  t o  produce t h e  end p roduc t ( s ) .  The f o l  lowiny  
l i s t  i d e n t i f i e s  t h e  p o s s i b l e  l i q u i d  e f f l u e n t s  t o  be t r e a t e d  and, i n  some 
cases, may be mu tua l l y  exc ius ive :  
O i l y  Water Sewers 
Coal P i l e  Run O f f  
Storm Water Run O f f  
Demi ne ra l  i z e r  Regenerant Wastes and Rinse Water 
Cool i ng Tower Flowdown 
B o i l e r  (Steam Generator) Blowdown 
Ammoni a  Recovery System B l  owdown 
Rect i  so l  Blowdown 
Sarii t a r y  Waste Water. 
F lue Gas Treatment S l u r r y  
G a s i f i e r  Slag Quench Dra ins  
Separated Water From Sol i d s  Treatment 
F i  1  t r a t e  From B i o l o g i c a l  Treatment. 
Process cpera t ions  (subsystems) would be se lec ted  t o  t r e a t  p a r t i c u l a r  waste 
streams i d e n t i f i e d  from the above l i s t ,  depending or1 f a c i l i t y  design. The 
f o l  l ow ing subsystems a re  t y p i c a l  l y  se lec ted  o r  designed t o  t r e a t  t he  waste 
streams. 
OIL SEPARATOR - streams c o n t a i n i n g  f r e e  and d i sso l ved  o i l  and t r e a t e d  i n  a 
y r a v i  ty sepal'ator u t i  1  i z i n g  an emulsion break ing chemicals and heat t o  
separate the  o i  1  -water  mix ture .  
SCUR WATER STRIPPER - water streams w i t h  apprec iab le  H2S o r  NH3 r e s i d u a l s  
31-e steam s t r i p p e d  t o  remove these contaminants. 
EQUALIZATION BASIN - l i q u i d  streams w i t h  extremely h igh  o r  low pH are  mixed 
i n  an e q u a l i z i n g  b a s i s  and t r e a t e d  w i t h  s u l f u r i c  a c i d  o r  c a u s t i c  t o  change 
the mixed pH t o  a  value o f  6.0 - 8.0. 
GRAVITY SETTLING-THICKENER - l i q u i d  streams w i t h  h igh  suspended o r  d is -  
solved so l i ds  are t rea ted  i n  a g r a v i t y  se t t l e r - t h i c kene r  and mixed wit.h 
l ime,  alum, coagulant aids,  and polymers t o  f a c i l i t a t e  separat ion and 
th ickening.  
MULTIPLE EFFECT EVAPORATION - neu t ra l i zed  wastes and b r i nes  a re  evapor8ated 
t o  recover water and concentrate the  so l  ids. 
The recoverec!, t r ea ted  water i s  used as make up t o  cool  i ng  to we.?^ o r  raw 
water suspiy. The r e s u l t a n t  so l i ds  are conveyed t o  the Sol ids  Disposal 
System. 
The pr imary cos t  and design d r i v e r s  are number, quan t i t y ,  ano types of 
l i q u i d  e f f l u e n t s  t o  be t reated.  
C r i t i c a l  technology areas needing f u r t h e r  study o r  development are: 
a Process ca l cu l a t i ons  - Both data acqui s i  t i o n  and c a l c u l a t i o n  
methods development a re  needed *I;! queous systems con ta in ing  
e l e c t r o l y t e s  and organic constituent;. 
Equipment cons t ruc t ion  - Less expensive mate r ia l s  o f  cons t ruc t ion  
need devel opi ng. The r igo rous  process design o f  water s t r i ppe rs  
i s  no t  now we1 1 developed. 
SYSTEM NUMBER 13 
UNIT OPERATION NUMBER 34 
OESCRI PTION PHENOL RECOVERY - PHENOSOLVAN 
The Phenosolvan process i s  used t o  t r e a t  phenol-containing water from 
Process Condensate Treatment, U n i t  Operation 33. The feed stream has a 
temperature o f  about 150 degrees F and a pressure around 15 P S I G .  Phenol 
i s  recovered f o r  sales,  and dephenolized water i s  t r ans fe r red  t o  Ammonia 
Recovery, U n i t  Operation 35, f o r  f u r t h e r  processing. 
The Phenosolvan process i s  a p rop r i e t a r y  process l icensed by and o f f e r e d  by 
American L ~ r g i  Corporat ion (N. Y ,  ). 
The process recovers phenols from the feed stream i n  a se r ies  o f  mixer-  
s e t t l e r  tanks. Wi th in  the  m i xe r - se t t l e r  the feed i s  contacted i n  a coun- 
t e r c u r r e n t  1 iqu id-1 i q u i d  e x t r a c t i o n  operat ion,  w i t h  isopropy 1 ether  ac t i ng  
as the solvent.  Phenols a re  ext ract2d i n t o  the so lvent  w i t h  on ly  10-20 ppm 
( w t )  o f  phenols remaining i n  the product water e f f l u e n t .  
The e x t r a c t  (conta in ing the phenols along w i t h  so lven t )  i s  sent t o  a d i s -  
t i l l a t i o n  column where the so lvent  i s  recovered and recycled. The phenol 
(80-90% pure) i s  t r ans fe r red  t o  Byprodcct Storage, U n i t  Operation 82, f o r  
sales. 
The product water from the r t i i xer -set t le r  i s  saturated w i t h  so lvent .  The 
solvent i s  recovered i n  a s t r i p p e r  and recycled. The phenol and so lvent  
f ree  water i s  sent t o  Ammonia Recovery, U n i t  Operation 35. 
The pr imary design d r i v e r s  i n  the Phenosolvan process are: 
1 ) Feed water f l ow ra te ,  temperature, and pressure; and 
2) Sol vent recovery e f f i c i ency .  
The pr imary cos t  d r i v e r s  are: 
1 ) Percent phenol recovered 
2) Mole percent phenol i n  feed. 
C r i t i c a l  technology areas needing f u r t h e r  study and development are: 
8 System performance data - Phenol recovery systems are now pr ima- 
r i l y  associated w i t h  the s tee l  i ndus t ry .  Performance data ar8 
needed on coal  g a s i f i c a t i o n  waste water treatment systcms. 
SYSTEM NUMBER 13 
UNIT OPERATION NUMBER 35 
OESCRIPTION AMMONIA RECOVERY - PHOSAM=W PROCESS 
This i s  a p rop r i e t a r y  process 1 icensed by USS Engineers, Inc.  
This u n i t  receives sour water from Phenol Recovery, U n i t  Operation 34 (if 
present ) ,  con ta in ing  v o l a t i l e  components such as ammonia, carbon d iox ide ,  
hydrogen cyanide, and hydrogen s u l f i d e .  The feed enters  a s t r i p p e r  where 
the v ~ l a t i l e  components are s t r i pped  by r e b o i l i n g  w i t h  i n d i r e c t  low pres- 
sure steam. This overhead stream i s  cooled and the condensate re turned as 
r e f l u x  t o  the s t r i ppe r .  
The s t r i p p e r  bottoms being e s s e n t i a l l y  ammonia-free i s  cooled by preheat ing 
the incoming feed, f u r t h e r  cooled, and then sent t o  B io l og i ca l  Treatment, 
U n i t  Operation 37, i f  res idua l  organics a re  h igh  enough t o  warrant such 
treatment. The overhead vapor o r  " r i c h  gas" i s  sent t o  an absorber where 
the ammonia i s  s e l e c t i v e l y  absorbed i n  a c i r c u l a t i n g  aqueous p r o p r i e t a r y  
so lu t ion .  The overhead gases are n a r t i a l l y  condensed. The cgndensate, 
which w i l l  conta in  some ammonia, i s  sent back t o  the s t r i p p e r  as p a r t  of 
the r e f l u x .  The non-condensed vapors con ta in ing  a la rge  f r a c t i o n  o f  carbon 
d iox ide,  hydrogen cyanide, and hydrogen su l  f i de are sent t o  Sul f u r  Recov- 
ery ,  U n i t  Operation 36. The ammonia-rich s o l u t i o n  i s  sent t o  the top of  
the ammonia s t r i p p e r  and i s  p a r t i a l l y  heated by cross-exchange w i t h  the 
recyc led lean so lu t ion .  The ammonia i s  r ebo i l ed  ou t  o f  the s o l u t i o n  which 
leaves the bottom o f  the ammonia s t r i p p e r .  This stream i s  cross-exchanged 
w i t h  the r i c h  so lu t ion ,  f u r t h e r  cooled, and yecycled back t o  the top o f  the  
absorber. 
The wet ammonia vapors from the top o f  the s t r i p p e r  are condensed, and the 
condensate i s  pumped i n t o  a f r ac t i ona to r .  The overhead vapors are con- 
densed, and the condensate (anhydrous ammonia) i s  sent t o  By-Product 
Storage, U n i t  Operation 82, f o r  sales. The bottoins from the f ract ionatc l r  
are recy led  back t o  the absorber-s t r ipper  c i r c u i t  as aqueous make-up. 
The design and cost  d r i v e r s  f o r  t h i s  sec t ion  are: 
1 ) Feed r a t e  t o  s t r i p p e r ,  1 b/hr  
2 )  Concentration o f  NH, i n  feed 
3 )  Other cons t i tuen ts  d f  feed, HCN, HC!, SCN, C02, e t c  
SYSTEM NUMBER 13 
UNIT OPERATION NUMBER 35 
DESCRIPTION AMMONIA RECOVERY - CiC PROCESS 
The CLC process, operated i n  con junct ion w i t h  a Phenosolvan p l an t ,  has the 
proven c a p a b i l i t y  o f  producing anhydrous ammonia from a d i l u t e  feed. 
Ammonia-contai n i ng  aqueous streams are received from Phenol recovery, U n i t  
Operation 34. Anhydrous ammonia o f  commercial p u r i t y  ( less  than 10 ppm 
hydrogen s u l f i d e )  i s  produced and sent t o  By-Products Storage, U n i t  Opera- 
t i o n  82, f o r  sales. The CLC process i s  a p rop r i e t a r y  process l icensed by 
the American Lurg i  Corporation. 
The feed enters  a s t r i p p e r  where the v o l a t i l e  components (ammonia and ac i d  
gas components such as carbon d iox ide  , hydrogen cyanide, and hydrogen 
s u l f i d e )  are separated from the condensate. The s t r i pped  condensate w i t h  
less  than 100 ppm f r e e  ammonia i s  sent t o  B io l og i ca l  Treatment, U n i t  
Operation 3 7 .  A bleed stream o f  low b o i l i n g  organic  impu r i t i e s  goes t o  
Inc inera t ion ,  U n i t  Operation 41. 
The vapors O i *  r i c h  gas conta in ing the v o l a t i l e  components a r e  sent t o  the 
absorber where the ammonia i s  s e l e c t i v e l y  absorbed i n  a c i  I -cu la t ing aqueous 
p rop r i e t a r y  so lu t ion .  The ac i d  gases can be sent t o  Acid Gas Removal, U n i t  
Operation 22. The ammonia-rich s o l u t i o n  i s  heated, and the ammonia i s  
r ebo i l ed  out  o f  the so lu t ion .  The ammonia vapors are condensed and sent t o  
By-Product Storage, U n i t  Operation 82, f o r  sales. The remaining so lvent -  
r i c h  so l u t i on  i s  recyc led back t o  the absorber-s t r ipper  as aqueous make-up. 
The design d r i v e r s  are: 
1 )  Components o f  the feed 
2 )  Concent ra t ionof  ammon ia i n the feed .  
The cos t  d r i ve r s  are: 
1 )  Concentraton o f  ammonia i n  the feed 
2 )  Feed r a t e  t o  s t r i p p e r ,  l / h r .  
Raw rnateri a1 s needed inc luded phosphoric a c i d  and sodi um hydroxide. 
C r i t i c a l  techno1 crgy areas needi r ~ g  f u ~ * t t i e r  study and development wc.3 :: are: 
Contani~iants - Data J1.e needed r e l a t i v e  t o  tr,ace n ~ e t a l s  i n  t!lr 
vapor  phase streams o f  the system. The issue i s  the q u a l i t y  of 
the ammonia by-product. 
SYSTEM NUMBER 15 
UNIT O P E R A T I O N ~ E R  - 36 
DESCRIPTION SULFUR RECOVERY - CLAUS SULFUR 
Acid gas from Acid Gas Removal, U n i t  Operation 22, i s  fed  t o  a Claus-type 
three-stage s u l f u r  recovery u n i t  u t i  1 i zng  a p r o p r i e t a r y  process f o r  han- 
d l i n g  lean H S ac i d  gases. Typ i ca l l y  i n  a Claus type s u l f u r  p l an t ,  the 
ac i d  gas i s  f i r s t  passed through a knockout drum before en te r i ng  the reac- 
t i o n  furnace. The chemistry of the process invo lves conver t ing the H2S t o  
elemental s u l f u r  according t o  the  f o l  lowing equation: 
Any hydrocarbons i n  the ac i d  gas a re  burned t o  C02 and H20. 
The reactons are exothermic, and the heat l i b e r a t e d  generaters steam i n  the  
reac t ion  furnace b c i l e r  and i n  the s u l f u r  condenser. The s u l f u r  from each 
condenser i s  drained t o  a recovery p i t  i n  S u l f u r  By-Product Storage. U n i t  
Operation 83, and the t a i l  gas from the f i n a l  condenser i s  fed t o  a t a i l  
gas t r e a t i n g  u n i t  where s u b s t a n t i a l l y  complete removal o f  the remaining 
su l  f u r  compounds i s  achieved before discharge t o  the  atmosphere. 
BEAVON TAIL GAS TREATING UNIT 
Several commercial processes are ava i l ab l e  f o r  reducing the su l f u r  content 
o f  s u l f u r  recovery u n i t  t a i l  gas t o  an environmental ly acceptable l e v e l .  
The Beavon s u l f u r  removal process i s  capable o f  reducing the s u l f u r  content 
i n  the t a i l  gas t o  less than 100 ppm. I t  i s  a p r o p r i e t a r y  process l icensed 
by Ralph M. Parsons Co. 
Hydrogenation and hydro lys is  arc  used t o  convert  e s s e n t i a l l y  a l l  s u l f o r  
compounds t o  hydrogen su l f i de .  This gas i s  then cooled, and passed i n t o  a 
S t r e t f o r d  u n i t  where the hydrogen s u l f i d e  i s  absorbed by the redox s o l u t i o n  
and ox id ized  t o  elemental su l f u r .  The reduced redox so lu t i on  i s  reox id ized  
by contact  w i t h  a i r  and subsequently r e c i r c u l a t e d  t o  the contactor .  
Elemental s u l f u r  i s  removed i n  the a i r -b low ing  step as a f r o t h  which i s  
pumped t o  a s u l f u r  mel ter  t o  be melted under pressure, separated frcm the 
redox so lu t i on ,  3nd t ransfer red t o  Sul f u r  By-Product Storage, U n i t  Opeya- 
t i o n  83. The decanted redox s o l u t i o n  i s  re turned t o  the system. 
The chemical react ions are: 
Hydrogenation and Hydro lys is  
COS + H20 + H2S + C02 
CSq + 2H20 + ?H2S + C02 
Hydrogen Sul f i de Conversion 
The p u r i f i e d  t a i  1 gas i s  odorless and contains t y p i c a l l y  less  than one ppm 
o f  H2S and less  than 50 ppm o f  t o t a l  s u l f u r  compounds, main ly  COS. 
The s u l f u r  product i s  ye1 l og  and b e t t e r  than 99.9% pure. 
The Design Dr ive rs  f o r  t h i s  system qnclude: 
1) Amount o f  sour gas avai l a b l e  
2 )  Sul f u r  emission regu la t ions  
3) Hydrogen s u l f i d e  concent ra t ion o f  feed gas. 
'The Cost Dr i ve rs  include: 
1 ) Required system e f f i c i e n c y  
2 )  Hydrogen s u l f i d e  ccncent ra t ion o f  feed gas 
3 )  Fuel requi red i n  t a i l  gas i nc i ne ra to r s  
4) Amount o f  steam generated. 
C r i t i c a l  technology areas needing f u r t h e r  study and development are: 
Acid gas minor components - The quan t i t y  o f  cons t i tuen ts  such as 
HCN, COS, C S Z ,  RSH, HxCx contained i n  the gas feed t o  the SRU 
needs t o  be establ ished. The existence o f  these components 
e f f e c t s  the operabi 1 i t y  o f  the  system, and the  data would e f f e c t  
the  system design. 
SYSTEM NUMEER 18 
UNIT O P E R A T I O N ~ E R  37 
DESCRIPTION B ~ I C A L  TREATMENT - POAS PROCESS 
The purpose o f  t h i s  u n i t  i s  t o  t r e a t  e f f l u e n t s  from san i ta ry  waste t r e a t -  
ment and the  process condensate t r e a t i n g  systen, U n i t  Operation 33, t o  such 
an ex ten t  t h a t  they can be recyc led  i n t o  the  f a c i l i t y  water system. 
This i s  a p r o ~ r i e t a r y  process 1 icensed by Union Carbide Corporation. 
This u n i t  t r e a t s  the var ious contaminated aqueous streams f o r  recovery o f  
recyc led  water. Process waste water from Ammonia Recovery i s  t r ea ted  t o  
remove any remaining ammonia, phenol and other  organic compounds. The 
process waste water t reatment p l a n t  cons is ts  o f  an equa l i za t i on  bas in  where 
wastewaters from var ious sources are mixed and t he  f l o w  i s  equalized. The 
pH o f  the wastewater from the  equa l i za t ion  lagoon i s  adjusted, and nut.r i- 
ents a re  added t o  s a t i s f y  the n u t r i t i o n a l  requirements a f  the  microbiolog- 
i c a l  mass responsible f o r  b io-ox idat ion.  The waste water then f lows t o  an 
oxygen-activated sludge reac to r  where high-pu*i t y  oxygen i s  suppl i e d  t o  tne 
micro-organisms which metabol ize organic mate r ia l s .  Due t o  the  exothermic 
b i o l o g i c a l  reac t ion ,  a por ton o f  the mixed l i q u o r  from the  b i o l o g i c a l  
t reatment reac to r  i s  cooled i n  a heat exchanger and i s  then recyc led t o  the 
t reatment reactor .  The r e s t  o f  the mixed l i q u o r  i s  sent t o  clarifiers t o  
separate the m ic rob io log ica l  mass. The water then f lows t o  Raw Water 
Treatment and Storage f o r  recyc le  as process water. A p o r t i o n  o f  the 
ac t i va ted  sludge separated i n  the c l a r i f i e r s  i s  re tu rned  t o  the b i o l o g i c a l  
t reatment reactor .  Excess ac t i va ted  sludge w i l l  be wasted and pumped t o  
Sol i d  Waste Treatment, U n i t  Operat ion 31, f o r  f u r t h e r  dewatering and f i n a l  
o f f - s i t e  d isposal .  
The pr imary design and c o s t  d r i v e r s  f o r  t h i s  u n i t  are: 
Flow ibate t o  t reatment 
0 Quan t i t y  o f  contaminants 
:,ecycle ha te r  qua 1 i t y  requirements. 
SYSTEM NUMBER 1 
UNIT OPERATION NUMBER 37 
DESCRIPTION BIOLOG~CAL TREATMENT - A I R  ACTIVATED 
SLUDGE PROCESS 
Activa.ted sludge waste water t reatment i s  a b i o l o g i c a l  ox i da t i on  process i n  
which micro-organisms consume d isso lved  organic  contaminants and convert  
these substances t o  carbon d iox ide,  water, and core micro-organisms. The 
ac t i va ted  sludge process cons is ts  o f  aerated b i o l o g i c a l  reactors  i n  which 
the i n f l u e n t  waste waters a re  mixed w i t h  recyc le  sludge, and c l a r i f ' e r s  
which separate the b i o l o g i c a l  sludge by quiescent s e t t l i n g ,  from the 
t r ea ted  e f f l u e n t .  I n  the aera t ion  basin,  the sludge i s  r e f e r r e d  t o  as 
mixed 1 iquor  suspended so l  i d s  (MLSS). C l a r i f i e r  e f f l u e n t  should con ta in  
about 25 ppm suspended so l  i d s ,  most ly b i o l o g i c a l  sol  ids .  Excess sludge 
cons i s t i ng  o f  organisms i n  excess of those requ i red  t o  mainta in  steady- 
s t a te  b i o l o g i c a l  concentrat ions i n  the reactors ,  a re  removed from the  
c l a r i f i e r  bottom recyc le  1 ine. 
Ac t i va ted  sludge b i  01 og ica l  ox i da t i on  i s  p resen t l y  one o f  the  most common 
methods f o r  t reatment o f  municipal  and i n d u s t r i a l  wastes. It i s  a r e l a -  
t i v e l y  simple process t o  operate p a r t i c u l a r l y  when the cha rac te r i s t i c s  o f  
the waste are cons is tent .  I n  add i t i on  t o  organics,  b i o l o g i c a l  ox i da t i on  
remove; some amounts o f  t r ace  metals, and t race  organics. I t  a lso  removes 
phenols, cyanides, and ammonia t h a t  are presei l t  i n  coal  conversion wastes. 
The system performance o f  the ac t i va ted  sludge i s  h i g h l y  sens i t i ve  t o  
process disturbances. It can be adversely a f f ec ted  by s i g n i f i c a n t  changes 
i n  prozess parameters such as pH, temperature, and organic and hydrau l i c  
loddings. Upset condi t ions ~ o s r l d  r e s u l t  iil less  acceptable e f f l u e n t  800 
and suspended so l  i ds  leve ls .  
Cer ta in  leve ls  o f  n u t r i e n t s  should be maintained i n  the feed stream i n  
order t o  s a t i s f y  n u t r i t i o n a l  requi  rements o f  b i o l o g i c a l  agents responsible 
f o r  b io-ox idat ion.  ;.1acro n u t r i e n t s  such as n i  t rgen  and phosphorous are 
requ i red  i n  p ropor t ion  t.o organic content o f  the  feed. A t y p i c a l  weight 
r a t i o  used by b i o l o g i c a l  wastewater treatment i s  6 0 :  N: P = 100: 5: 1. 
While res idual  ammonia l eve l s  can be c o n t r o l l e d  i n  the  s t r i pped  process, 
ph~sphorous leve ls  should be maintained by adding chemicals such as H3P04 
Micro nu t r i en t s  such as managanese, copper, z inc ,  and o ther  metals may a l s o  
have t o  be maintained a t  proper l eve l s .  
I n  g a s i f i c a t i o n  processes, a p a r t  o f  the organic n i  tr*ogen contained i n  the 
feed coal  w i l l  be converted t o  nydrogen cyanide (HCN). in gas coo l ing ,  
U n i t  Operation 21, HCN i s  removed from the gas by quenching. HCN in the 
sour water i s  p a r t l y  removed i n  Ammonia Recovery, U n i t  3pera t ion  35. 
However, p a r t  o f  the HCN could  reac t  i n  the water feeding the b i o l o g i c a l  
t reatment p l a n t .  It has been found i n  coke oven p l an t s  t h a t  the 
th iocyanate i s  more d i f f i c u l t  t o  destroy than the feed organics and about 
tw ice the reac to r  residence t ime is requi red f o r  i t s  removal. More data i s  
needed to  quantify the thiocyanate found i n  the process quench condensate 
and i t s  e f f e c t  on the performance of  bio-oxidation un i t .  
The cost and design drivers f o r  t h i s  u n i t  are the same as fot* the POAS 
Process described earl i e r .  
SYSTEM NUMUER 17 
UNIT O P E R A T I O N ~ R  39 
DESCRI PT I3N COOLING WATER SYSTEM 
The purpose o f  t h i s  u n i t  i s  t o  provide cool ing water t o  the varfous process 
users i n  the f a c i l i t y .  
This i s  a nonoproprietary system and i s  suppl ied by several US vendors. 
Each cool ing tower system would include the tower and *ans, sidestream 
fi 1 ters,  c i r cu la t i ng  water pumps, co ld  water basin, biowdown system, chemi- 
ca l  add i t ion  equipment, and d i s t r i b u t i o n  system. 
Cooling water i s  pumped from the co ld  water basin, through the d i s t r i b u t i o n  
system t o  the Orocess heat exchangers where low-level, sensible heat i s  
picked up, and back t o  the cool ing tower. The cool ing tower re jec ts  low- 
level  heat by evaparative cool ing  t o  a i r  draun through the cool ing tower by 
the cool i ng tower fans. 
Typical ly ,  a por t ion  of the c i r c u l a t i n g  water i s  passed t h r o ~ g h  side streain 
f i  1 te rs  t o  reduce loading o f  suspended sc l  ids,  d i r t  and scale. 
The dissolved so l ids  level  o f  the cool iny water i s  maintained by a cont in- 
uous blowdown stream t o  the process condensats system. Water level  ir !  the 
cool ing tower basin i s  maintained by cont'wous hake up o f  clean water from 
the raw water treatment system. 
The blowdown stream contains i n h i b i t i n g  chemicals tha t  are object ionable t o  
release t o  the environment. The blowdown stream would be passed t h r ~ u g h  a 
blowdown treatmert system t o  recover chromate ions v i a  i on  exchange o r  by 
chemical reduction t o  chromium hydroxide. 
Chlorine i s  added to  the cool ing water on a rout ine per iodic  basis t o  
prevent algae growth. Chemical algecides are added pe r iod i ca l l y  t o  fu r ther  
e l  iminate algae growth. Su l fu r i c  ac id  i s  added t o  contro l  pH and zinc and 
chromate i nh ib i t o rs  are added t o  the cool ing water f o r  corrosion contro l .  
Occasionally, a polyphosphate dispersant i s  added t o  enhance the act ion o f  
the i nh ib i t o rs .  
The Oesign Orivers are: 
1 ) Makeup Water Qua1 i t y  
2) Cycles o f  Concentration 
3)  A i r  Relat ive Humidi ty/Temperature. 
The Cost Dr ivers  are:  
1 ) Capacity 
2 )  Approach Temperature 
3 )  Side Stream Treatment 
4 j Chemical Treatment Recovery. 
C r i t i c a l  techr!o'loqy areas needing f u r t h e r  study and development &re: 
e Make-up k a t e r  - Treatment requirements required f o r  use of  coal -  
derived process waste water f o r  cool ing water makeup need t o  be 
determined. 
SYSTEM NUMBER 9 
UNIT O P E R A T I O N ~ B E R  41 
DESCRIPTION -- INCINERATION 
This u n i t  combusts environmental l y  ob ject ionable const i tuents  i n  var ious 
vent gases and waste gases from f a c i l i t y  systems and renders these gases 
i n t o  a form t h a t  i s  acceptable f o r  release i n t o  t he  atmosphere. 
This i s  a non-propr ietary process. 
This u n i t  t y p i c a l l y  c o ~ l s i s t s  o f  a combustion chamber (burner) and a t a l l  
stack t o  disperse the combusted gases. The waste gas streams usua l l y  fed 
t o  t h i s  u n i t  are lock  hopper gases, o ther  off-gases, o r  f l u e  gas desu l f u r i -  
za t ion  e x i t  gas and coal dust o r  f ines.  
This u n i t  would not  be requi red i n  a g a s i f i c a t i o n  f a c i l i t y  using a TEXACO 
o r  KOPPERS-TOTZEK g a s i f i e r  and w i t h  no coal f i r e d  bo i  l e r .  
The Design Dr ive rs  include: 
1) Gas Temperature, O F  
2) Gas Fuel value. 
The Cost Dr ivers  include: 
1 ) Capacity , M l  b/HR 
2) Gas Propert ies 
3) Inc inera to r  Type 
4 )  Heat Recovery. 
No c r i t i c a l  technology issues have been i d e n t i f i e d .  
SYSTEM NUMBER 16 
UNIT OPERATIONN~~MEER 80
OESCRIPTION AIRPARATION AN0 OXIDANT I'ELDING 
The purpose o f  t h i s  u n i t  i s  t o  supply oxygen t o  the gas i f i e r s .  The gaseous 
oxygen stream i s  usua l l y  between 95 and 98 percept pure by volume, and i t  
i s  produced by d i s t i  1 l a t i o n  o f  I Equif i e d  a i r .  
This i s  a p ropv ie ta ry  bu t  non-l icensed process o f f e red  by several designer/ 
manufacturers i n  the U. S. 
I n  a t y p i c a l  A i r  Separation u n i t ,  atmospheric a i r  i s  f i l t e r e d  and com- 
pressed t o  the requ i red  pressure by a two-stage a i r  compressor, d r i ven  by 
e i t h e r  steam tu rb ines  o r  e l e c t r i c  motors, depending on the  p l a n t  steam 
ba 1 acce. 
The compressed a i r  i s  f i r s t  cooled i n  water a f te r -coo le rs  and f i n a l l y  
cooled i n  the  swi tch ing passages o f  a revers ing heat exchanger t o  j u s t  
above i t s  l i q u e f a c t i o n  temperatui-e. As i t  cools,  water and carbon d iox ide  
freeze ou t  on the wa l l s  o f  the exchanger and a re  thus removed from the  a i r  
stream. 
The water and carbon d iox ide  are removed from the exchanger wa l l s  by 
swi tch ing the exchanger passages t o  a1 low the waste n i t r ogen  t o  f low 
through the former a i r  passages. The waste n i t r ogen  stream i s  a t  a low 
enough pressure such t h a t  sub l imat ion o f  t he  water and carbon d iox ide  i n t o  
the n i t rogen  i s  possible.  This waste stream i s  vented t o  atmosphere. 
The c o l d  a i r  then enters  the  h i gh  pressure column f o r  i n i t i a l  p u r i f i c a t i o n .  
The vapor a t  the top o f  the column i s  n i t rogen  con ta in ing  10 ppm o f  oxygen. 
Most o f  t h i s  i s  condensed i n  the High Pressure Condenser/Low Pressure 
Reboi ler ,  and re turned as r e f l u x  t o  the High Pressure Column. Some o f  t h i s  
r i t rogen vapor becomes the feed stream t o  the expansion t u rb i ne  arid some 
becomes low pressgre pr-oduct n i t rogen  gas a f t e r  being superheated i n  the 
Superheater and being warmed t o  about -150°F i n  a revers ing heat exchanger. 
Some of tbe n i t rogen  condensed i n  the condenser/reboi ler  becomes the l i q u i d  
n i t rogen  product. I t i s  f i r s t  subcooled i n  the Waste Ni t rogen Core Sub- 
coo ler  and then f lahsed i n t o  the L i qu id  Ni t rogen Separator.. L i qu i d  n i t r o -  
gen ptxoduct from the separator i s  t r ans fe r red  t o  the l i q u i d  n i t r ogen  
storage. 
An impure r e f l u x  stream con ta in ing  a small percentage o f  oxygen i s  w i t hd raw  
a t  an intermediate p o i n t  i n  the column. I t  i s  subcooled and f lashed i n t o  
the top  o f  the Low Pressure Column. 
The f i n a l  p u r i f i c a t i o n  o f  oxygen takes place i n  the Low Pressure Column. 
The feeds t o  t h i s  column are impure r e f l u x ,  and crude l i q u i d  oxypen fvom 
the High Pressure Column which i s  subcooled and passed thoruyh the 
Hydrocarbon Absorbers before be ing f lashed i n t o  the  Low Pressure Column. 
This procedure assures t h a t  a l l  hydrocarbons a re  removed from the  oxygen 
before p u r i f i c a t i o n .  Processing the crude oxygen a f t e r  i t  i s  1 i q u i f i e d  
assures t h a t  the absorpt ion i s  done a t  a r e l a t i v e l y  constant pressure and 
temperature and thus 1 im i  t s  the  poss ib i  1 i t y  o f  acc identa l  desorpt ion.  
As a f u r t h e r  safeguard, a p o r t i o n  o f  the l i q u i d  oxygen i n  the low pressure 
sump i s constant ly  withdrawn, passed thorugh a guard t~ydrocarbon absorber 
and re turned t o  the sump. Th is  prevents t race  q u a n t i t i e s  o f  hydrocarbons 
from accumulating i n  the  low pressure sump. 
Product oxygen gas and l i q u i d  i s  withdrawn from the bottom o f  the  Lor 
Pressure Column. The product oxygen gas i s  superheated i n  the superheater 
and then warmed t o  ambient temperature i n  the revers ing  exchangers. A 
four-stage cen t r i f uga l  compressor i s  then used t o  compress the  oxygen gas 
t o  the requi red pressure t o  feed the gasi f je rs .  
The 1 i q u i d  oxygen product, a small f r a c t i o n  o f  the t o t a l  oxygen product, i s  
w i  thdrawn from the Low Pressure Column sump, subcooled i n  the  oxygen core 
subcooler and t rans fe r red  t o  LOX storage. 
The main cost  and design d r i v e r s  o f  t h i s  u n i t  are: 
1)  Product P u r i t y  
2 )  Product Pressure 
3) P lan t  capac i ty .  
Product Pu r i t y  requi  rements determi ne the number o f  t rays  and co l  umn 
d i  ameter requi red t o  achieve the speci f i ed p u r i  ty. Washer. Product P u r i t y  
requi res la rger ,  t a l  l e r  d i s t i  1 l a t i o n  columns. 
P rod~ i c t  Pressure requirements set  by the g a s i f i e r  pressure se t  the neces- 
s i t y  f o r  Product oxygen compressors. Low Pressure g a s i f i e r s  do no t  requ i re  
Product compression, where High Pressure g a s i f i e r s  requi red the i nc l us i on  
o f  mul t i -s tage cen t r i f uga l  compressors. 
P l an t  capac i ty  requirements se t  the o v e r a l l  equipment s i ze  and number of 
u n i t s .  Usual ly 2 o r  3 t r a i n s  o f  a i r  separat ion are requi red t o  prov ide 
1500-2000 tons per day of oxygen. 
C1.i t i c a l  technology issues needing f u r t he r  study and development are: 
Compressor techno1 ogy - Irnproved 1 arge compressors techno logy i s 
needed f o r  i ncreased-si ze safe O2 systems. 
SYSTEM NUMBER 12 
UNIT O P E R A T I O N ~ R  81 
DESCRIPTION FINAL SOCiDS DISPOSAL 
The purpose zf t h i s  u n i t  i s  t o  s tore s o l i d  waste generated by f a c i l i t y  
operat ion during the f a c i  1 i t y  1 i fe. 
This i s  a non-proprietary system. 
This system consists of a l i ned  impounding p i t  sized to  contain 20 years of 
s o l i d  waste. I t  t y p i c a l l y  includes the conveyor system t o  move the sol ids 
t o  the p i t  and a leachate recovery area t o  recover and pump leachate t o  the 
process condensate system. 
The primary cost and design dr ivers are the quant i ty  o f  so l ids  t~ be 
disposed and the volume o f  the p i t  t o  be excavated and 1 ined. 
C r i t i c a l  technology issues needing fu r the r  study and development are: 
a Ground water qua1 i t y  - The issues are leachabi 1 i t y  o f  sol  ids,  
monitoring o f  ground water, and contro l  of runof f .  
SYSTEM NUMBER 13 
UNIT OPERATION~URER 82 
DESCRIPTION BY-PRODUCT STORAGE AND LGAOING 
The purpose of t h i s  system i s  t o  receive and s to re  var ious by-products from 
recovery un i t s ,  t r ans fe r  the by-products t o  a loading area and i n t o  the 
proper vehic les f o r  t ranspor ta t ion.  
This system wi 11 rece ive and store:  (1) ash residue from Coal Preparat ion 
and Feeding, U n i t  Operation 11 ; (2) o i  1s and t a r s  from Tar-Oi 1 Separation, 
U n i t  Operation 32; (3) l i q u i d  anhydrous ammonia from Ammonia Recovery. U n i t  
Operation 35; and (4) phenol from Phenol Recovery, U n i t  Operation 34. A l l  
tankage w i l l  be conventional large diameter low pressure tanks w i t h  f i x e d  
r co f s  except f o r  the pressure spheres which w i l l  s t o re  the ammonia by-prod- 
uct .  Transfer pumps w i l l  send the by-products t o  the loading area f o r  
f i l l i n g  the vehic les used t o  d e l i v e r  the by-products t o  sales. This i s  a 
non-propri e ta ry  system. 
The Design Dr ive rs  f o r  t h i s  system include: 
1) Number o f  by-products 
2) Quan t i t y  stored 
3)  Quan t i t y  and type o f  shipping. 
The Cost Dr ive rs  include: 
1 )  Number o f  by-products 
2) Loading type 
3) Length o f  storage needed. 
SYSTEM NUMBER 13 
UNIT O P E R A T I O N ~ E R  - 83 
OESCRIPTION SULFUR BY-PRODUCT STORAGE 
Su l f u r  o f  h igh  p u r i t y  from Su l f u r  Recovery and T a i l  Gas, U n i t  Operation 36, 
flows by g r a v i t y  t o  s u l f u r  p i t s .  From the p i t s  i t  i s  pumped as a 280°F 
l i q u i d  t o  storage tanks awai t ing loading on a barge o r  t ruck.  This i s  a 
non-propr ietary system avai  1 ab le  from a v a r i e t y  o f  U. 5 .  vendors. 
The tanks are la rge  diameter, low pressure o f  m i l d  s tee l  cons t ruc t ion  w ~ t h  
capaci ty  i n  excess o f  10,000 bar re ls .  
Typ i ca l l y ,  the tanks are insu la ted  and steam t raced an the  s h e l l ,  roo f ,  and 
bottom and equipped w i t h  a s u l f u r  pump. 
The pumps, p ip ing ,  and loading arms w i l l  be insu la ted  and steam jacketed. 
Loading meters are provided t o  f a c i l i t a t e  s u l f u r  loading and t o  ensure 
inventory  con t ro l .  
The design d r i v e r  f o r  t h i s  system includes the ambient temperature range 
(heat loss from tankage). 
The cos t  d r i ve rs  include: 
1) Moles per hour o f  s u l f u r  recovered i n  U n i t  Operation 36 
2) Hours o f  storage required. 
No c r i t i c a l  technology issues have been i d e n t i f i e d .  
SYSTEM NUMBER 15 
UNIT OPERATION NUMBER 84 
DESCRIPTION STEAM GENERATION 
The purpose o f  the steam generat ion u n i t  i s  t o  prov ide h igh  pressure super- 
hea*.ed steam t o  supplment the  steam generated by waste heat recovery i n  the 
Gas i f i e r  U n i t  Operat ional  Cool ing Systems, U n i t  Operat ion 21. 
The HP steam generators a re  water tube b o i l e r s  f i r e d  e i t h e r  by raw coal ,  
coal  f i n e s  orb MBG. 
This  i s  a non-propr ietary process, and the  equipment i s  suppl ied by several 
U. S. vendors. 
An MBG B o i l e r  (HP steam generator)  i s  t y p i c a l l y  a balance d r a f t ,  i n d u s t r i a l  
type. I t  would inc lude the water tube b o i l e r ,  superheater, economizers, 
forced d r a f t  and induced d r a f t  a i r  preheaters, snd burners s u i t a b l e  f o r  
MBG . 
Oeaerated b o i l e r  feed water (BFW) i s  pumped through economizing c o i l s ,  the 
water tube b o i l e r ,  superheating c o i l s  and i n t o  the  HP steam d i s t r i b u t i o n  
system. A i r  f o r  the combustion o f  MBG i s  suppl ied by a forced d r a f t  fan 
and heated i n  exchange w i t h  b o i l e r  f l u e  gas which i s  suppl ied by the  
induced d r a f t  fan. 
A coal  f i r e d  HP B o i l e r  i s  s i m i l a r  t o  the MBG B o i l e r  witah the except ion o f  
the a n c i l l a r y  equipment necessary f o r  t ranspor t ,  storaye, and combustion o f  
coal  o r  coal f ines.  
Typ i ca l l y ,  coal  o r  coal f i nes  a re  t r ans fe r red  t o  the b o i l e r  area by a 
conveyer which d i s t r i b u t e s  the coal  o r  coal f i nes  t o  HP b o i l e r  coal storage 
b ins.  This i s  f l u i d i z e d  by pr imary a i r  fans and t r ans fe r red  t o  the 
burners. Secondary a i r  suppl ied by the forced d r ~ f t  fan recovers heat from 
the f l u e  gas leav ing  the b o i l e r  t o  increase the e f f i c iency  o f  the b o i l e r  
operat ion.  Flue gas i s  t r ans fe r red  t o  the f l u e  gas d e s c l f u r i z a t i o n  system. 
U n i t  Operation 86, by induced d r a f t  fans before release t o  the atmosphere. 
Chela t in? agents (Ethylene Oiamine Te t ra  Acet ic  Acid) i s  added t o  b o i l e r  t o  
reduce d isso lved s o l i d  ca,'ryover i n t o  the  HP steam. D i  and T r i  Sodium 
Phosphate ( o r  polyphosphates) and f i  lmf ng ami nes (octy ldecylamine) a re  
added t o  the  HP steam t o  con t ro l  pH and reduce sca l ing  problems. 
The Design Dr ive rs  include: 
1 ) Steam Requi rements 
2 )  Coal Proper t ies .  
The Cost Dr ivers  include: 
1 ) Capac i t y  , MI b/HR 
2 )  Steam Pressure, PSIG 
3 )  Degree o f  Superheat 
4 )  Flue Gas Treatment Req'd 
5 )  Bo i le r  Type. 
CI-i  t i c a l  technology issues needing fur ther  study and development ar8e: 
0 Combustion of by-products, t a r  an3 crude phenol i s  a means o f  
u t i l i z i n g  these products. Demonstration o f  combustion technology 
f o r  these products i s  needed. 
SYSTEM NUMBER 16 UNIT-PERATIO?~~R 85 
OESCRIPf  ION - RAW WATER TREATMENT 
The Raw Water Treatment U n i t  i s  t y p i c a l l y  designed t o  prov ide t r ea ted  and 
unt reated water f o r  the  f o l l ow ing  f a c i l i t y  water systems: 
F i r e  Water 
Service Water 
Potable Water 
Cool i ng Water 
Boi  1 e r  Feedwater 
The processes by which t he  raw water i s  t rea ted  f ~ r  the  above serv ices a re  
non-propr ietary and a re  suppl i e d  by several US vendors. 
Raw water i s  usua l l y  pumped from the  r i v e r  t o  a  F i r e  Water-Raw Water 
Storage tank ( o r  pond). 
The Raw Water-Fi rewater Storage Tank proviaes surge capac i ty  f o r  Water 
Treatment as we1 1 as storage capac i ty  f o r  f i rewate r .  Dur ing an emergency, 
f i r ewa te r  i s  pumped from the  tank t o  the  f i r ewa te r  header system. The 
f i r ewa te r  pumps are rrtotor d r i ven  and have a d iese l  engine d r i ven  spare. 
The spare pump i s  equipped w i t h  automatic s ta r t -up  c a p a b i l i t y  i n  case o f  
power f a i l u r e .  
The raw water i s  pumped from the Raw Water-Firewater Storage Tank t o  the 
So f t ene r -C la r i f i e r .  Lime, alum, and p c l y e l e c t r o l y t e  from the C l a r i f i e r  
Bulk Chemical Storage and Feed Systcg are added t o  the So f t ene r -C la r i f i e r ,  
which i s  equipped w i t h  an i n t e r n a l  f l b ccu la t i on  mechanism. The alum and 
p o l y e l e c t r o l y t e  a i d  i n  the  removal o f  suspended so l i ds  from the *aw water. 
Lime i s  added dur ing the c l a r i f i c a t i o n  step t o  "co ld  sof ten" the raw water. 
Chlor ine i s  added t o  the raw water t o  i n h i b i t  algae growth i n  the c l a r i f i e r  
' 
and sand f i l t e r s  and reduce organic contamination. 
The underf low from the c l a r i f i e r  i s  a  one percent by weight sludge and i s  
pumped t o  sol i d s  t reatment f o r  f u r t h e r  processing. 
The c l a r i f i e d  and softened raw water from the So f t ene r -C la r i f i e r  flows t o  
the Sel f-Backwashing Sandf i 1 t e r s  where 3ddi t i o n a l  suspended sol i d s  s re  
removed. A pressure d i f f e r e n t i a l  across the f i l t e r  bed i n i t i a t e s  the 
backwash cycle.  The backwash f lows by g r a v i t y  t o  the  Sand f i l t e r  Backwash 
Sump and i s  recycled t o  the  So f t ene r -C la r i f i e r .  The f i l t e r e d  water f lows 
t o  the F i l t e r e d  Water Storage Tank and i s  u t i l i z e d  as coo l ing  tower make-up 
f o r  the  Process Cooling Tower, serv ice water f o r  genera: p l a c t  use, feed t o  
the  Remineral izer Package, and feed t o  the  potab le  water system. 
Water intended f o r  potable services i s  usua l l y  ch l o r i na ted  and again f i l -  
te red  t o  meet American Water Works Assoc ia t ion (AWAj standards and s to red  
i n  a tank sized t o  hold a day's potable water requirements. The ch lo r ine  
residual i s  maintained a t  0.5-1.0 PDM f ree  ch lo r ine  i n  the tank. 
F i l t e r e d  water intended as feed t o  the Demineralizer Package i s  usual ly  
in jec ted  w i th  Sodium Su l f ide  t o  remove t race  amounts of ch lor ine wnich 
adversely affect the Demineralizer resins and o f ten  f i l t e r e d  through a c t i -  
vated carbon t o  remove any remaining organic contaminants and d i  ssol ved 
iron. 
f n  the demineralizer, the mineral sa l t s  present i n  the water are removed by 
ion  exchange. A two-step demineral i za t i on  system, u t i  1 i z i n g  strong ca t ion  
and strong anion exchangers i n  ser ies, i s  provided. A degasi f ier  fo l low ing 
the strong exchanger i s  also provided, The cat ion exchanger< rcnove 
cat ions such as calcium cat ion  and magnesium, whi le  the anion exchangars 
remove anions such as chlor ide and sul fate.  The strong anion exchanger 
a lso removes; s i l i c a .  The degasi f ier  i s  provided t o  remove carbon d iox ide 
and other d i  ssolved gases. 
A mixed bed pol isher  i s  usual ly provdied t o  remove s i l i c a  t o  0.02 PPM and 
t o  po l i sh  returned turb ine condensate f o r  reuse. 
The demineralized water and condensate i s  preheated t o  220-225°F before 
being pumped i nto the boi  1 e r  feedwater deaerators. 
Acid, stored i n  the Acid Tank, i s  used t o  regenerate the cat ion exchsngers. 
Caustic. stored i n  the Caustic Tank, i s  used t o  regenerate the anion 
exchangers. 
Both the Acid ana Caustic tanks have pumps and metering devices to  contro l  
the f low o f  regenerants t o  the demineral i z e r  package. 
The B o i l e r  Feedwater Deaerating heaters operate a t  15 p s i g  and 25Q°F. The 
Deaerators reduce the oxygen content o f  BFW to  0.005 cc/l i t e .  
Hydrazine o r  sodium s u l f i t e  i s  in jec ted  i n t o  the storage compartment o f  t h e  
deaerators fo r  chemical scavenging o f  any residual oxygen. Morphal  irie i s  
in jec ted  i n t o  the suct ion o f  the bo. i ler feedwater pumps t o  pro tec t  the 
condensate systems, 
The Design Drivers include: 
11 Steam Pressure, P S I G  
2 )  Raw Water Qua l i t y .  
The C o s t  Drivers include: 
1 ) Capacity , GPM 
2 )  Water Treatment Level 
3 )  Metal 1 urgy 
4) Ion Exchange Resins 
5) Reverse Osmosis Elements. 
No c r i t i c a l  technology issues were i d e n t i f i e d  f o r  t h i s  system. 
A-2-52 
SYSTEM NUMBER 15 
UNIT OPERATION NUMBER 86 
DESCRIPTION F ~ G A S  TREATMENT - WELLMAN-LORD 
SO2 RECOVERY PROCESS 
E f f  1 uent gas con ta in ing  s u l f u r  d iox ide  and p a r t i c u l a t e s  fram Steam Genera- 
t i o n ,  U n i t  Operat ion 84, i s  t r ea ted  i n  t h i s  system us ing the Wellman-Lord 
sul  f u r  d iox ide  recovery process. Thi s su1 f u r  d iox ide  recovery system 
inc.l udcs absorpt ion equipment, chemical p l a n t  f o r  regenerat ion,  and purge 
treatment p l an t .  Th is  i s  a p r o p r i e t a r y  precess l i censed  by Davy Powergas, 
Inc., Houston, TX. 
The system i s  designed t o  process gas con ta in ing  s u l f u r  d iox ide  and f l y  
ash. The f l u e  gas i s  picked up frotr, the Steam Generation System, U n i t  
Operation 84, by hot -s ide fans. The discharge pressure from each fan  i s  
s u f f i c i e n t  t o  fo rce  the f l u e  gas through a p r e c i p i  ta to r - t ype  prescrubber 
and t ray - type  s u l f u r  d iox ide  absorpt ion tower. The cleaned gases from the  
absorbers a re  reheated before d ischarg lng t o  the  atmosphere. 
The su l  f u r  d i ox i de - r i ch  absorbi ng s o l u t i o n  I s  precessed i n the  regenerat ion 
area. 
Chemical regenerat ion uses forced c i r c u l a t i o n  exapcrators. The r i c h  
absorbing s o l u t i o n  i s  theraa l  ly regenerated by d r i v i n g  o f f  s u l f u r  d iox ide  
and water vapor. This vapor i s  concentrated, compressed, and forwarded t o  
Sul fur  Recovery, U n i t  Operation 36. Condensate con ta in ing  removed p a r t i -  
c l es  i s  sent t o  Sol ids  Treatment System, U n i t  Operaticrl  31. The regener- 
ated absorbing so lu t io r i  leav ing the evaporators i s  combined w i t h  s t r ipped  
condensate f r o m  the p a r t i a l  condensers and recyc led back t o  the  absorbing 
sol  u t i o o  storage area. 
A s l  ipstream o f  absorbing s o l u t i o n  i s  taken frcm the absorbers o f  the power 
p l a n t  f o r  processing i n  a purge treatment area. Through a se r ies  o f  u n i t  
operat ions,  the i n a c t i v e  sodium s a l t s  are concentrated, removed from the 
remai c ing  absorbing solut;ion, and sent e i t h e r  t o  By-Product 5totaage, Urli t 
Gperation 82, o r  t o  Sol ids  Disposal, U n i t  Operation 81. 
The Design Dr ive rs  for- t h i s  system include: 
1 ) Concentration or SO , and 50 i n  f l u e  gas 
2 )  Concentration o f  HC?, ash, a i d  o ther  cons t i  tueots  
3 )  C o n c e n t r a t i o n o f o x y g e n i n  f l u e g a s  
4) Supe r f i c i a l  v e l o c i t y o f  gas i n a b s o r ~ e r ,  t t i s e c .  
The Cost Dr ivers include: 
1 ) Percent s u l f u r  df oxide removal required 
2 )  Gas f low t o  absorber, ACFM 
3)  Moles per hour o f  S02and 50 removed 
4) Treated pas reheat requir$ments, i .e . .  the d i f ference i n  
temperature between gas from absorber and gas t o  stack. 
By-products i nc \ ude: 
1 ) Sodi um bicarbondte 
2) Sodium b i s u l f i t e  
3) Sodium sul fate.  
C r i t i c a l  technology issues needing fu r the r  study and development are: 
a Effect o f  gas co~~taminirnts lrch as HCI on materials o f  construc- 
t i o n  
a Mis t  e l im ina t ion  technology 
a Demonstration o f  :oilg-term operation a t  high SO2 removal 
e f f i c iency .  
SYSTEM NUMER 15 
UNIT O P E R A T I O N ~ R  86 
DESCRIPTION F L ~ A S  TREATMEN! - DOUBLE ALKALI 
The purpose o f  t h i s  u n i t  4s t o  absorb SO2 from f l u e  gas i n  a scnrbber us ing 
a sodium carbonate so lu t ion .  
This p rop r i e t a r y  process technology i s  o f fe red  b several U. S.  vendors, 
i nc1 udi  ng Combustion Engineering A s s o c i a t ? ~  and FMC Corp. I n  the  sodi urn 
double-al ka l  i pr ocess, f l u e  gas from Steam Generation, U n i t  Operation 84, 
a t  a temperature o f  about 350-403°F, i s  compressed through a pressur4e r i s e  
o f  about 10" water by booster fans, and then enters  an Absorber*. I n  the 
Absorber, the gas passes upward through a se r ies  of sprays, ? set  o f  t r ays ,  
and then through a demister. The c lean f l u e  gas leav ing  ,he Absorber i s  
reheated i n d i r e c t l y  by 50 p s i g  steam t o  about 190-200°F and leaves the  
f a c i l i t y  through a t a l l  stack. 
7be gas i n  the  p.bsorber i s  coun te rcur ren t l y  contacted as i t  passes through 
the  t rays ,  by an aqueous s o l u t i o n  o f  NaOH, Na,SO , Na SO4 and Na Cq . The 
SO2 r i c h  s o l u t i o n  i s  co l l ec ted  a t  t h r  bottom % f  t h e  iabrorber a n i  Pkyc1ed 
t o  the  t r a y  and spray sections. The absorbent reac ts  w i t h  the  SO2 i n  the  
f l u e  gas t o  produce a mixturbe of sodium s a l t s .  
A continuous b lsed stream of  l i q u o r  i s  sent t o  t he  Absorbent Regeneration 
Subsystem. The absorber bleed f i r s t  goes t o  a Surge Tank from which it. i s  
pumped t o  Reaction Tanks. A s l ips t ream i s  routed t o  p i c k  up qu ick l ime 
brought i n t o  the  u n i t  from outs ide and i s  then pumped back t o  the Reaction 
Tanks. 
The Reaction Tanks are designed t o  convert  the so lub le  sodium s a l t s  i n t o  
less-so lub le  calc ium s u l f i t e ,  which p r e c i p i t a t e s  and r e s u l t s  i n  a s l u r r y  
con ta in ing  about 5 percent so l i ds  by weigh!. The s l u r r y  i s  then pumped t o  
a Thickener. 
Overflow from the Thickener i s  pumped back through a Holding Tank t o  the 
Absorber. Soda ash i s  added t o  a s l ips t ream t o  rep lace sodium l o s t  from 
the systeq w i t h  the f i l t e r  cake. 
Underflow from the Thickener contains about 25 percent so l  ids  by weight ,  
and i s  pumped t o  vacuutn f i  1 t e r s  where the sol i d s  are dewatered t o  a cake 
conta in ing about 60 percent so l i ds  by !+eight. Washing o f  the caue causes 
most of the sodium s a l t s  t o  be dissolved i n  the f i l t r a t e ,  which i s  re turned 
t o  the  Absor1ber. 
The col i ds  cake from the Vacuum F i l t e r s  i s  coriveyea t o  F ina l  S o l  ids  D i s -  
posal ,  U n i t  Operation 81. The cake has exca l len t  handl ing p rope r t i es  due 
t o  t h r  p r e c i p i t a t i o n  o f  mired c r ys ta l s  o f  CaSO4/CaSO3. The mate r ia l  i s  
non- th ixot rop ic ,  dra ins we1 1,  and does no t  r e s l u r r y  when exposed t o  r a i n .  
Since, however, the cake w i l l  con ta in  v o l a t i l e  t race  e1emef;ts produced by 
combustion o f  char and scrubbed from the f l u e  gas i n  the f l u e  gas dew!- 
f r ; t * izat ion u n i t ,  and w i l l  a l so  conta in  NaCl produced from HC1 i n  t he  f l u e  
gas, the so l  i d s  nust be disposed o f  i n  a secure onsi te  l a n d f i  11. 
The pr imary cos t  d r i v e r s  are: 
1; ACFM t o  the absorber 
2)  % SO2 removal 
The pr imary design d r i ve rs  are: 
1 ) PPM S02-SP3 i n  f 1 ue gas 
2 )  % tic1 ; ash, etc .  , i n  f l u e  gas. 
C r i t i c a l  technoloav issuer needing f u r t h e r  study and development are the 
samc as thoie  f o r  the Wellman-Lord Process, p lus b e t t e r  data on tt,e d i s t r i -  
k u t i o n  o f  t o x i c  t race  elements between the f l u e  gas and the waste so l  ids. 
SYSTEMNUMBER 14 
UNIT O P E R A T I O N ~ R  - 87 
DESCRIPTION PLANT ELECTRICAL SYSTEM 
.This system i s  genera l ly  designed t o  rece ive medium voi tage e l e c t r i c a l  
power (4.16 KV, 6.9 KV o r  13.8 KV) and prov ide the f o l l ow ing  f t lnct ions:  
a Develop the necessary vol tage stepbown arrangement f o r  p l a n t  
requirements 
a D i s t r i b u t e  the  necessary power t o  the  p l a n t  equipment. 
This i s  non-propr ietary equipment and i s  suppl ied by several U.S. vendors. 
TVA's inc3ming substat ion transformers rece ive power from i t s  preva lent  
d i s t r i b u t e d  vol tage swi tch ing s t a t i o n  and step down t h i s  vo l tage t o  a  
medium vol tage t o  suppiy the  p l a n t  e l e c t r i c a l  power requirements f o r  
motors, heaters, 1  igh t ing ,  and o ther  miscel laneous loads. 
The Medium Voltage E l e c t r i c a l  D i s t r i b u t i o n  System i s  t y p i c a l l y  a  secondary 
se lec t i ve  system (double ended supply) w i t h  several medium vol tage buses. 
.Each medium voltage bus receives power from i t s  respect ive incoming sub- 
s t a t i o n  transformer through an incoming breaker and suppl ies power t o  the  
medium vol tage d i s t r i b u t i o n  system through the feeder breakers. 
The Low Voltage E l e c t r i c a l  D i s t r i b u t i o n  System t y p i c a l l y  cons is ts  o f  mu1 ti- 
p l e  480 V double ended load c ~ n t e r s  dnd 480 V motor con t ro l  centers (MCC's) 
supplying the power t o  480 V loads throughout the p l a n t .  Two load centers 
are interconnected through a normally open t i e  breaker. I n  the event o f  
loss o f  one load center transformer o r  i t s  feeder, the 480 V loads o f  the 
a f fec ted  load center are fed  by the second load center  through the  t i e  
breaker. 
Each load center consists o f  an incoming 1 ine  sect ion,  load center t rans-  
fcrmer, and low vol tage sect ion w i t h  metal enclosed draw ou t  power c i r c u i t  
breakers. 
Typical load center transformers are a i r  cooled, dry type, 150 F tempera- 
t u re  r i s e ,  w i t h  de l t a  connected pr imar ies and wye connected secondaries. 
A 1  1 load center fceder c ~ r c u i t  breakers are 1600A frame and 50,000A RMS 
symmetrical i n t e r rup t i ng  capaci ty.  The 480 V motor. feedei- breakers ar-e 
e l e c t r i c a l  l y  operated w i t h  irlstantaneous and long time t r i p  un i t s .  
480 V MCC's consists of s t a r t e r s ,  feeder c i r c u i t  breakers and con t ro l  
devices, assenibled i n  a  common s t r uc tu re  w i t h  hor i zon ta l  and v e r t i c a l  
buses. 
A 125 Vo l t  DC System suppl ies con t ro l  power f o r  medium vol tage and 480 V 
v o l t  p l a n t  s'*ti tchgear con t ro l ,  p ro tec t i ve  re1 aying and annunciation. The 
system a lso suppl ies power f o r  emergency l i g h t i n g .  
The Design D r i v e r s  inc lude:  
1 )  Re1 i a b i l  i t y  Factor  
2) Motor Horsepower. 
The Cost D r i v e r s  inc lude:  
1) Capaci ty ,  KW 
2)  Vol tage Level  , KV 
3)  Peak Cur rent  Demand, AMPS 
4) No. of  Serv ices.  
SYSTEM NUMBER 19 
UNIT O P E R A T I O N ~ R  88 
DESCRIPTION BUILDINGS AND SUPPORT FACILITIES 
The purpose of t h i s  u n i t  i s  t o  prov ide equipment o r  serv ices t o  suppor*t t h e  
Gas i f i ca t i on  F a c i l i t y  a t  the f a c i l i t y  l eve l .  
The equipment and services prov ided i t 1  t h i s  u n i t  are non-pr'oprietary. 
This u n i t  i s  a  gene!'al fac i  1  i t y  category and would t y p i c a l  l y  prov ide the 
f o l  lowing equipment o r  service:  




Maintenance Bui 1  dings 
Operation Centers 
Secur i ty  O f f i ces  
F i r s t  Aid F a c i l i t y  
F i  r e  House 
V i s i t o r  Reception 
P lan t  Fencing 
P lan t  L i gh t i ng  
Roads, Br idges, and Sewers 
Oocking Faci 1 i t i e s  
In terconnect ion Pipe Ways 
F i r e  Pro tec t ion  Network 
F la re  Stacks and Headers 
P lant  Instrument A i r  Compt-essors 
Environmental Moni t o r i n y  
S i t e  Preparat ion.  
The primary cost and design d r i ve r s  are the  numbev o f  and the ex ten t  o f  
each o f  the above i terns provided t o r  the i a c i  1 i ty .  
SYSTEM NUMBER 10 
UNIT OPERATIONTXZER 89 
OESCRIPTION CONTROL AND INSTRUMENTATION 
T h e  purpose o f  t h i s  u n i t  i s  t o  prov ide operat iona l  con t ro l  o f  the  f a c i  1 i t y  
and supervisory master con t ro l  of the f a c i  1 i t y  module operat ion.  
This i tem has no t  been i d e n t i f i e d  as a d i sc re te  cos t  o r  operat iona l  cen te r  
i n  the s tud ies o r  eva lua t ion  presented i n  the  l i t e r a t u r e .  
A separate subcontract  i s  o f ten executed w i t h  a supp l ie r  of computer data 
a c q u i s i t i o n  systems, t o  prov ide a data a c q u i s i t i o n  system f o r  a f a c i l i t y  
and t o  i n t e r f ace  it w i t h  the ins t rumentat ion and con t ro l  loops w i t h i n  the  
fac i  l i ty .  
System Stream Character izat ion and Raw Mate r ia l s  
Each u n i t  operat ion w i t h i n  a coal  g a s i f i c a t i o n  f a c i l i t j  may be 
descr ibed i n  terms o f  inputs ,  outputs,  raw mate r ia l s  necessary t o  support 
the process, and p o t e n t i a l  by-products. Appendix C i s  a  summary o f  these 
items f o r  the u n i t  operat ions descr ibed i n  Sect ion 2.3. 
Minimal numerical data was repor ted w i t h  the  u n i t  operat ions because 
feed and e f f l u e n t  stream composit ion vary from p l a n t  t o  p l a n t  and r e f l e c t  
condi t ions not  always repor ted i n  1  i t e r a t u r e  documents. The pr imary reasan 
f o r  t h i s  i s  non-di sclosure agreements. 
2.5 System Character i  t a t i o n  
The charac te r i za t ion  o f  each u n i t  operat ion has been based on quant i -  
f y i n g  the cos t  and design d r i v e r s  o f  each o f  the un i t s .  
Reference sources t h a t  are app l i cab le  t o  the  i nd i v i dua l  u n i t  have been 
reviewed and c e r t a i n  data extracted. Not a l l  u n i t s  are we l l  represented i n  
the data base and no t  a l l  references were used i n  r epo r t i ng  data. 
The charac te r i za t ion  foand i n  Appendix B o f  t h i s  r epo r t  i d e n t i f i e s  the  
cos t  and date of monies f o r  each system and quan t i f i e s  appropr ia te  cos t  and 
design d r i ve r s .  Some cos t  and design d r i ve r s  are we l l  represented w i t h  
q u a n t i t a t i v e  data. Some, which are process design o r  c l i e n t  s p e c i f i c ,  have 
been i d e n t i f i e d  bu t  w i thou t  corresponding numerical data. 
2.6 System Component Character izat ion 
Each u n i t  operat ion contains 3 d i sc re te  and, genera l ly ,  s p e c i f i c  se t  
of components. The components can be segregated i n t o  13 broad categor ies.  
which have usua l l y  been used Sy A iE 's  t o  prepare the sem i -de f i n i t i ve  cos t  
est imate o f  a  u n i t  o r  f a c i l i t y .  Depending on the u n i t  design and purpose, 
some o f  these components can a f f e c t  p r o j e c t  costs and schedul i ng  and must 
be handled accordingly.  Some components, because o f  s i ze .  metal 1  uryy 01% 
complexity requ i re  long times t o  d e l i v e r  t o  the job s i t e  o r  higher. than 
usual costs.  Table 2-3 i d e n t i f i e s  the usual componerlt breakdown of each 
system and i d e n t i f i e s  those equipment i terns which t y p i c a l  l y  :'equi r e  long 
lead t ime, have h igh costs,  o r  are items o f  c r i t i c a l  technology. 
2 . 7  Operations and Maintenance Costs 
Preparat ion o f  f a c i l i t y  cos t  estimates and l i f e  cyc l e  cos t ing  requi res 
an est imat ion o f  f a c i l i t y  o p e r ~ t i n g  and maintenance costs.  The costs can 
be broken down on a  u n i t  operat ion bas is ,  bu t  they are u s ~ r a l l y  estimated 
based on t o t a l  c a p i t a l  investment o f  the f a c i l i t y .  A common es t imat ion  
p r a c t i c e  i s  t o  represent the var ious costs elements i n  t h i s  category as a  
percentage of the equipment i n s t a l l e d  c a p i t a l  cost .  Maintenance expense i s  
usua l l y  estimated as 1 t o  6 percent o f  c a p i t a l  investment w i t h  a  69/40 
mate r ia l  t o  labor  s p l i t .  
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THE 9DM CORPORATlON 
. 
3.0 RAW M1,TERIAL ANALYSIS 
3.0 RAW MATERIALS ANALYSIS - TASK 5.1.2 
Most o f  the  u n i t  operat ions i d e n t i f i e d  i n  t h i s  study requ i r e  raw 
mate r ia l s  t o  support the process func t ion .  These raw mate r ia l s  are neces- 
sary f o r  u n i t  performance and represent a cos t  o f  operat ing bo th  annual ly  
dnd as an i n i t i a l  cost. 
This sec t ion  presents the r e s u l t s ,  summarized i n  Table 3-1, o f  
Task 5.1.2. The approach taken i s  t o  present a1 1 raw ma te r i a l  elements 
t h a t  are requi red by a l l  the g a s i f i c a t i o n  f a c i l i t y  system candidates t h a t  
were i d e n t i f i e d  i n  Task 5.1.1. Therefore, dependent upon the  f i n a l  design 
con f igu ra t ion ,  on ly  some o f  the raw mate r ia l  l i s t e d  i n  Table 3-1 w i l 7  be 
requ i red  t o  support the  se lected u n i t  operat ions f o r  the  TVA Coal G a s i f i -  
c a t i o n  Faci  1 i ty .  
The data i n  Table 3-1 i s  presented i n  a mat r i x  format. i t  includes a 
l i s t  o f  raw mate r ia l s ,  the systemis) w i t h  which they are associated, both 
the i n i t i a l  and replacement quan t i t i e s  required, the  u n i t  cost ,  a  commer- 
c i a l  source, and t r anspo r t a t i on  in format ion.  
The l i s t  o f  raw mate r ia l s  and the  system(s) w i t h  which they are asso- 
c i a t e d  were obtained dur ing Task 5.1.1. I t  should be noted t h a t  some items 
i n  the raw mate r ia l s  l i s t  (e.g. ,  Strong Acid Cat ion Resin) represent a 
general c lass o f  mate r ia l s  and, o f  necess i ty ,  the cos t  l i s t e d  represents a 
s p e c i f i c  mate r ia l  i n  t h a t  c lass.  The mate r ia l  chosen f o r  such ca$?s was 
the one t h a t  i s  o f t e n  used i n  app i i ca t ions  such as t h i s  and has a represen- 
t a t i v e  cost .  However, the s p e c i f i c  mate r ia l  se l ec t i on  must awai t  f i n a l  
sys tem design. The i n i t i a l  and replacement quan t i t i e s  are approximate 
amounts based upon in format ior i  from reference l i t e r a t u r e  and vendors and 
upon p r i o r  design experience and engineer ing judgment. The exact quant i  - 
t i e s  requ i red  w i  11 be obtained dur ing  f i n a l  system design. The u n i t  cos t  
and t ranspor ta t ion  in format ion was obtained from the  1 i s t e d  commercial 
sources and represents cu r ren t  market condi t ions.  
The data presented i n  Table 3-1,  whi le  not  exact a t  t h i s  p o i n t  i n  the 
program, i s  s u f f i c i e n t l y  accurats t o  be used as a  bas is  f o r  determining the 
operat ing costs o f  reference f a c i l i t i e s  t o  be used i n  the comparative 
e\laluations o f  the A / €  designs. Based on the f i n a l  design chosen, the data 
i n  Table 3-1 w i l l  be f u r t h e r  r e f i n e d  arid updated dur ing Task 5.4.2.2 and 
w i l l  be used i n  Task 5.4.2.4 t o  develop l i f e  cyc l e  cos t  estimates. 
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4.0 COAL GASIFICATION BY-PRODUCTS MARKET ANALYSIS 
4.1 Int roduct ion and Summary 
This sect ion describes a market analysis of the by-products from the 
TVA Coal Gas i f i ca t ion  F a c i l i t y  located i n  Northern Alabama. Since the 
p lan t  i s  not conceptually designed, and the by-products are dependent on 
process type and design, quant i t ies  o f  the by-products are not included i n  
t h i s  report .  The generic p r ice ,  use, and future matket expectations are 
shown i n  Table 4-1 f o r  the by-products considered i n  t h i s  analysis.  Vuygen 
i s  a possible export because a l l  modules w i l l  not become operatiooal a t  t3e 
same time and a1 1 the oxygen produced w i  11 not be consumed u n t i  l the e n t i  r e  
f a c i  1 i t y  becomes operational. However, because o f  the short-term nature o f  
t h i s  s i tua t ion ,  oxygen from t h i s  p lan t  must be cons,idered "merchant" oxygen 
rather  than t i e d  t o  h long-term contract.  Oxygen, nitrogen, argon and 
carbon dioxide are t reated as gases, and transportar ion by p ipe l i ne  or  
t ruck i s  not considered. Tar, slag, and ash contents are no t  defined, 
therefore, they are t reated gener ica l ly .  Sul fur  i s  an excel l e n t  by-producf 
candidate f o r  marketing. 
TABLE 4-1. BY -PRODliCT SUMNARY 
9 I S ~ A : i C L  F R W  mA waiET 
CVRRE'ii ? ? I C E  P W I T  i IH IRE 
8V-PROWCT U .S.  P O T f H f I A L  USF ( U i i L Y  !'r?3f Til;NS?CSTAi[O*: PEhETRIiL;X( 
:OSiS*C~RRE?IT PRlCC 
S U G l A S H  R%O AH? CEI1E:iT F I L L ,  !;O'iE 
, lllSULAT10fl. FLUE GA3 CE-  (80% OLY.PL5) 
SULFURtLATIaV, U:co FILL 
SULFUR P W S P M T A T t  F t R T l L l f E R S .  $116/LC',2 i:Y 
PAPER, SOIL WUTRlENT. * $ 3 0  ( S r 5 i :  
ROAD BASE 
OXYGEH PETAL MYUFACTURI!iS, 34<;103 p i 3  
HUL;H SERVICES, HETAL 6 SHl?~'l'q; 
FABZI CATIl iS L EC.UliUEI*7 
POOR 
F A I R  
NITROGEN 01XhkETI!iG A M S P P E R E S -  M . 5 e : l X  f~~ --.--- F A I R  
c u E n l u L > ,  ~ L E ~ T R O N I C S .  6 SHIPP!\G 
MTALS.  FREEZlNt  AGENT. b iCUlPFE+i 
AEROSPACE 
CARSC3 FOC9 R E F R l i i U T t O N  $60/ TCY 
OIOXIDE 1NO:'STRIIL REFRlCERATIO!i. 
W O H 4 i l G Y  
1100 GOOD 
TAR C H t 9 1 U L S .  F U f  i $95/73H 8 15110 coOo 
PROCESS H U T  $5-56ii:?iS 1 0  i C 1 R  
Conclusions o f  by-product market analys is  are: 
a ' Quan t i f y i ng  TVA reg ion market pene t ra t ion  can on ly  be done i f  
quan t i t y  and spec i f i ca t i ons  o f  by-products are known, 
a Gases w i  11  have t o  be 1 i que f i ed  a!* t,ransported by pipe1 i n e  cver 
r e l a t i v e l y  s h w t  distznces ( l i que fac t i on  costs have no t  been 
determi ncd). 
Most o f  the by-products wi 11 probably be used by new i ndus t r i es  
l oca t i ng  near the Murphy H i  11 s i t e .  
a TVA design c r i t e r i a  spec i f ies  on:y t r u c k  and barge t ranspor tam 
t i on ,  so r a i l  costs are no t  included. 
Slag and ash would probably be impounded unless environmental 
constr3:nts on u t i l i z a t i o n  are relaxed. 
r Tar could be converted by processing t o  f u e l  f o r  indus t r ies  
dur ing na tu ra l  gas cur ta i lment .  This may be expensive and may 
lower the p r i c e  which purchasers are w i l l i n g  t o  pay f o r  the  t a r .  
Su l fu r  i s  a prime by-product candidate f o r  marketing. 
r Gases w i  11 probably have t o  be p u r i  f i e d  f o r  market sales. 
4.2 Transportat ion 
TVA design c r i t e r i a  spec i f ies  on ly  t ruck,  barge, and p i p e l i n e  t rans-  
p o r t a t i o n  modes are t c  be considered i n  the f a c i l i t y  cqnceptual design. 
From Reference 1, the fo l lowing t ranspor ta t ion  costs (1980) were used i n  
the analysis;  tar! f f s  f o r  i n t e r s t a t e  t ranspor ta t ion  i s  no t  included. 
TRUCK: $5.6?/Ton/100 M i  1 e 
BARGE: $.0088/Ton M i l e  ( >  40 Mi les )  
Plus 18Q/Barrel f o r  One Terminzl Charge. 
Truck t ranspor ta t ion  i s  the most flexibie mode o f  shipping, w i t h  
almost h a l f  o f  a l l  petroleum products cu r ren t i y  being shipped by t r u c k .  
Most t ruck ing  i s  done by con t rac t  c a r r i e r s  and tne p r i ces  included i n  t h i s  
analys is  are f o r  distances greater  than 100 mi les.  Upper l i m i t s  o f  
petroleum-product t r uck  haul i n g  are around 300 m i  les .  
Barges c u r r e n t l y  sh ip  a small percentage o f  the  t o t a l  petroleum prod- 
uc ts  i n  the Uni ted States. Barge costs a re  r e l a t i v e l y  fnexpens(ve, inc lud-  
i n g  termina l  charges o f  approximately 18 l /ba r re l .  i t  i s  most economically 
feas ib le  t o  t ranspor t  by-products by barge greater  than 200 mi les .  The 
8.8 m i  1 s barge cos t  per  long t on  m i l e  are escalated from the data repor ted 
i n  Reference 1 .  Figure 4-1 snows by-product t r anspo r t a t i on  cos ts  f c r  
barge. 
U n t i l  the 19601s, elemental s ~ l f u r  was handled and shippea iil s o l i d  
form. However, a t  p rese r t  about 90 t o  95 percent o f  the elemental s u l f u r  
consumed i n  the Uni ted States remains as a molten l j q u i d  from the p o i n t  o f  
~ r o d u c t i o r r  ( the  mine i n  the case o f  Frasch s u l f u r  o r  the  p l a n t  i n  t he  cdse 
o f  recovered s u l f u r )  t o  p o i n t s  o f  consumptiot~ a t  customers' p l an t s .  The 
reasons are convenience and economics o f  handl ing and shipping. Because 
most consumer; use s u l f u r  i n  l i q u i d  form, the need f o r  remelt in^ i s  e l i m i -  
nated, I n  adu i t i on ,  l i q u i d  s u l f u r  i s  less l i k e i y  t o  be contaminated dur ins  
t ranspor ta t ion  and i n  storage. 
The molten s u l f u r  i s  t ranspor ted i1.1 heated and insu la ted  barges, ships 
o r  r a i l  tank cars,  maintained a t  a temperature above 238OF, and de l i ve red  
d i r e c t  t o  termina ls  o r  tustomers' heated storage tanks. From there,  i t  i s  
pumped d i -ect !y  t o  the s u l f u r  buvners o f  su1fur;c ac i d  p lan ts  o r  o ther  
s u l f u r  us ing f a c i  1 i t i e s .  While the recovered su1 f u r  producers depend most 
on d i r e c t  shipment t o  consumers, the Frascn producers d is t . r i bu te  t h e i r  
product 1 arge ly  through an extens ive system o f  1 i q u i d  sul f u r  tern!  na l  s 
located i n  sul  fur-consuming market al*eas. Some termina ls  are producer- 
owned, wh i le  o thers  are consumer-owned. The Frasch indus t ry  a lso  maintains 
a system o f  l i q u i d  and bu l k  s u l f u r  termina ls  i n  Europe. 
For storage purposes, molten s u l f u r  i s  sprayed i n t o  vats t o  s o l i d i f y  
i n  t h i n  layers  p rogress ive ly  one above the o t h e r ,  producing blocks o f  s o l i d  
s u l f u r ,  which can l a t e r  be broken up f o r  shipment o r  remelt ing.  
S o l i d  o r  dry  s u l f u r  i s  so ld  i n  var ious forms i n c l u d i n ~  lump, granular .  
ground i n  var ious s izes o r  o ther  spec ia l  s o l i d  forms. i t  i s  st.ipped i f ?  
bags o r  ba r re l s  o r  i n  bu lk  i n  r a i l r o a d  gondola .cars, boxcars, highway 
t rucks,  barges o r  ships. 
Hopper t rucks  are used t o  t ranspor t  by highway a wide v a r i e t y  o f  
mate r ia l s .  Vehic le types r m g e  from the open-dumping k i t ~ d  t o  the closecl 
type. Most common i s  orre t h a t  unloads bv p: essure d i f f e r e n t i a l  i n t o  i t 5  
c;wn pnecmatic-conveying system, ~ h i c h  i s  tenporar i  ly  connected t o  d storaye 
s i l o .  On t h i s  type o f  t r uck ,  the unloading o f  4l~,000 lb. o t  proaucts t d k e b  
about 1 hour, sometimes :ess. 
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Figure 4-1. By-Product Transpor ta t ion  C o s t s  
The actua l  weight t h a t  the  t ruck  can ca r r y  depends on the s ta te -  
highway load 1 im i ts ;  which i n  t u r n  depend on the ne t  veh ic le  weight and the 
number o f  axles on the t r u c k  (and t r a c t a r ,  when a t r a i l e r  arrangement i s  
used). The accepted maximum combined t o t a l  weight o f  veh ic le  and cargo i s  
73,000 pounds. In some sta tes,  t h i s  i s  reduced s l i g h t l y ,  wh i l e  i n  o thers  
i t  i s  exceeded. 
4.3 By-Products Cost and Market Assessment 
The f o l l ow ing  subsections conta in  a b r i e f  ana lys is  of each of the  
by-products i n  Table 4-1. 
Slag and Ash 
F l y  ash, bottom ash, and b o i l e r  s lag  are considered i n  t h i s  analys is .  
I n d u s t r i a l  coal ash, i n  general ,  has become a d i f f i c u l t  problem f o r  useage 
o r  disposal  because the €PA may categor ize coal ash as a t o x i c  o r  hazardous 
waste. Under prov is ions o f  the Resource Conservation and Recovery Act o f  
1976, coal  ash may be considered hazardous because o f  poss ib le  heavy-metals 
content.  I f  EPA considers ash t o  be hazardous, f a c i l i t y  designers w i l l  
have t o  design c o l l e c t i o n  and ponding systems s i m i l a r  t o  the mining 
industr-y. Oisposal ponds would have t o  be impermeable t o  prevent leak ing 
i n t o  aqui fers.  
Coal ash i s  c u r r e n t l y  the f i f t h  most p l e n t i f u l  mineral  substance 
produced i n  the U.S. (over ti8 m i l l i o n  tons per year) .  By 1985, the U.S. 
w i l l  be disposing over 100 m i l l i o n  tons per year. Cur ren t l y  about onel four  
i s  be ing used as f i 1 l e r s  f o r  cement and roads. 
Table 4-2 (Reference 2) summarizes coal  ash co l l ec ted  and u t i l i z e d  
from 1975 through 1978. 
From i t s  f o s s i l  f ue l  p lan ts ,  TVA i s  c u r r e n t l y  d ispos ing o f  over one 
m i  11 ion  tons per year o f  ash and slag. TVA was at tempt ing t o  use s lag  for. 
rock-wool i n s u l a t i o n  by us ing a sp in  f i b e r  technique. However, i t  was 
discovered t h a t  concrete blocks made w i t h  phosphoric-rock waste from the 
Muscle Shoals Nat ional  F e r t i l i z a t i o n  Development Center emit.ted low leve l  
r ad i a t i on .  TVA then p u t  a ho ld  on using any o f  i t 5  waste ma te r i a l ,  inc lud-  
i ng  f l y  ash and slag. 
Current research urtderway i n  the U.S. f o r  f l y  ash and s lay  u t i l i z a t i o n  
are ( f rom Reference 2 )  the -01lowing: 
Fabr icate  f l y  ash based b r i cks .  
Recovery aluminum, i ran, and t i tal l i  i lm from ash and slag. 
0 Use f l y  ash f o r  f l u e  gas desu l f u r i za t i on .  
8 Form f l y  ash w i t h  moisture and calc ium hydroxide t o  produce 
cement-1 i k e  mate r ia l .  
TABLE 4-2. COAL ASH SUMMARY 
QUANTITY, 1 o6 TONS 
1975 1976 :977 1978 
Ash Col l ec ted  
Fly Ash 42.3 42.8 48.5 46.3 
Bottom Ash 1 . 1  14.3 14.1 14.7 
B o i l e r  Slag 4.6 4 .8  5.2 5.1 
TOTAL 60.0 61.9 67.8 68.1 
Ash U t i l i z e d  
Fly Ash 4.5 5.7 6.3 8 . 4  
Bottom Ash 3 .5  4.5 4.6 5.0 
B o i l e r  Slag 1.8 2 . 2  3 .1  3.0 
TOTAL 9.8 12.4 14.0 16.4 
Percent o f  Ash Uti 1 i zed 
F l y  Ash 10.6 13.3 13.0 17.4 
Bottom Ash 2 6 . 7  31.5 32.6 34.0 
B o i l e r  Slag 40.0 45.8 60.0 58.8 
AVERAGE 1 6 . 4  20.0 20.7 24.1J 
i 
There are different strategies io? d i s p o s i n g  of bottcm :,sh, fly s s b .  
i i l d  flue gas desulfurization (FGD) sludge at a coal gasification taci 1 i:;. 
Of course, waste disposal (or utilization) must be in an environmentally 
acczptable manner, taking into account capital and operating costs, 3r!d 
re1 iabi 1 i ty. Cu~rently , there are several types (Reference 3) of s y s t e m s  
for hand1 i ng coal wastes: 
r Directponding 
e Landf i 1 1  (without treatment) 
r Fixation/stabi 1 ization 
r Forced oxidati onigypsum production 
r Blending with fly ash. 
The optimum choice o f  coal  waste u t i l i z a t i o n  w i l l  depend on the  eco- 
nomics, environmental regu la t ions,  s i t e  t e r r a i n ,  and the  process design. 
I n  summary, coal  ash, slag, bottom ash, and FGD sludge conclusions 
are: 
A 20,000 TPD f a c i l i t y  w i l l  produce around 500,000 tons per  year 
o f  coal  waste which w i l l  probably be dumped on -s i t e  i n  a disposal  
pond. 
TVA i s  faced w i t h  increas ing problems i n d i s p o s i n g o f  coal  waste 
because o f  environmental r e s t r i c t i o n s .  
a Slag and bottom ash may have t o  be separated i n  o rder  t o  f i n d  a 
commercial o u t l e t .  
De ta i l ed  spec i f i ca t i ons  regarding chemical and mineral  content 
and the phys ica l  cha rac te r i s t i c s  o f  ash products a re  bas ic  deter-  
minants o f  marketabi 1 i t y .  
Some ash i s  co l l ec ted  from coal  burning f a c i l i t i e s  and used by 
commercial f i rms  a t  no cos t  t o  the  u t i l i t y .  
Sul f u r  
Su l f u r  i s  a very wideiy used i n d u s t r i a l  raw ma te r i a l .  Product ion 
growth and demand has been increas ing i n  the U. S. s ince the 1930's. Most 
s u l f u r  consumption i s  i n  the  form o f  s u l f u r i c  ac i d  t o  which 85 percent o r  
more o f  elemental s u l f u r  i s  converted. Phosphate f e r t i  1 i z a t i o n  l i imufacture 
accounts f o r  a b o ~ l t  60 percent o f  s u l f u r  cofisumption i n  a l l  forms i n  the 
U. S. . wh i le  the  balance i s  i n  a wide range o f  app l i ca t ions  i n  every sector  
o f  i ndus t ry .  
Su l f u r  as a volume commodity chemical i s  uniqce i n  the ex ten t  t o  
which i t  i s  produced as a by-product o r  waste product der ived from another 
pr imary product sotight out and pr.oduced f o r  i t s  own worth. The by-product 
o r  waste product output may be considered "non-discret ionary1'  i n  the sense 
t h a t  i t s  product ion volume i s  not  gove~ned by i t s  own demand. The second 
type, o r  pr imary product, i s  commonly termed "d isc re t ionary "  because i t s  
vo 1 ume o f  p r ~ c i u c t i o n  i c regulated d i r e c t l y  by demand and p r i c e  fac tors .  
Recovered s u l f u r i c  ac i d  from o i l  and gas product ion,  o r  burn ing f o s s i l  
t ue l s  01- output  o f  by-product sul fur- ic ac i d  froni nletal sillel t i r i g  i s  "rion- 
d isc re t ionary , "  wh i le  Frasch and p y r i t i c  s u l f u r  are "d i sc re t i ona ry . "  
Because s u l f u r  may be stored i n  s c l i d  form i f  i t  cannot be so ld ,  i t s  sales 
are no t  t i e d  t c  i t s  recovery, making i t  a "semi-discret ionary" product.  
A steady increase i n  demand, and a reduct ion i n  exports by fore ign 
countr ies has c u r r e n t l y  created a t i g h t  s u l f u r  supply s i t u a t i o n  both i n  the 
U. S. and worldwide. Spot shortages (Reference 4) w i l l  l i k e l y  develop t h i s  
year, and the t igh tness  i s  no t  expected t o  ease before 1985. Su l f u r  pro- 
duct ion w i l l  be boosted by 2,200,000 long tons per  year by 1932. A f t e r  
1985, a temporary s u l f u r  g l u t  may w c u r  '1:e t o  expanded use o f  coal .  I n  
recent years, s u l f u r  demand has grown due t>  growth i n  the key market o f  
f e r t i l i z e r s .  Su l f u r  demand growth i s  p ro jec ted  t o  be 3-5% per  year dur ing 
the  ea r l y  1980's (Reference 4). Other t r a d i t i o n a l  markets f o r  s u l f u r ,  
t i t an ium d iox ide,  pu lp  and paper, and carbon d i s u l f i d e ,  are exgected t o  
ease o f f  by the l a t e  1980's. New demands f o r  s u l f u r  may increase, such as 
using s u l f u r  f o r  replacement o f  asphalts o r  as a s o i l  nu t r i en t .  
Sul fur-use growth wi 11 p r i m a r i l y  depend on f e r t i  1 i zer demand. Fer- 
t i  1 i z e r  demand was booming i n  1979, and i s  expect2d t o  cont inue s t rong iil 
the ea r l y  1980's. However, f e r t i l i z e r ' s  h i s t o r y  o f  b i g  ups and downs 
lagging the general business cycles ind ica tes  t h a t  s u l f u r  w i  11 have more 
cycles i n  the fu tu re .  The I r a n i a n  c r i s i s  and f e r t i l i z e r  c u t o f f  t o  the 
Soviet  Union a re  a lso  going t o  have major impacts on su l f u r  demand. 
Total  U.S. out look f o r  s u l f u r  (Reference 4) i s  shown on Table 4-3 f o r  
1979, 1980, and 1985. 
TABLE 4-3. U.S. SULFUR OUTLOOK 
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Sulfur in a l l  forms was produced in 1977 by 74 companies a t  190 - - 
operations in 33 states ,  according t o  the U.S. Bureau of Nines. The ten 
mu 
largest producing companies, with 55 of these operations, represented 
about 75 percent of total industry o u t p u .  The states of Louisidna and 
Texas account~d for 67 percent of total production. 
. . 
Elemental sulfur, often termed crude sulfur or brimstone, presently 
accounts for 89 percent of total output of sulfur. The balance i s  
represented by praducti on of non-elemental or non-brims tone sul fur 
contained mostly in by-product sulfuric acid froin metdl smsl tei's and 
also froin pyrites, hydrogen sulfide and 1 iqu id  sulfur dioxide. 
Alabama and Mississippi are fa i r ly  large proJucers of recovered 
elemental sulfur as shown on Table 4-4. Also the value of sulfur a t  the 
plant i s  significantly larger for Alabama 2nd Mississippi than other 
s ta tes  . 
As was indicated, most sulfur consumption i s  in the form of sul- 
fur ic  acid. The end uses of elemental sulfur (1977) sold o r  used in the 
U.S. (Reference 5 )  are shown in Table 4-5. 
TABLE 4-5. SULFUR Er4D USES 
( Sulfuric Acid 
I Agricultural Chemicals 
THOUSAND PERCENT 
LONG TONS OF TOTAL I 
Paints, Explosives, Organic 271 2 . 3  
Chemicals, e tc .  
Other Industrial Inor*ganic 21 7 1.9 
Chemicals 
I Pulp and Paper Products 145 1.3 1 
Petrol eurn Refining , Petro- 109 0.9 
leum and Coal Products 
Synt l ,~ t ic  gubber, Ce! lulosic 64 0.5 
and Plastic Pt'oducts 
I Food and Kindteed Products 5 
--- I 
Unidentified / ,,I 2 $9 1 
The pi*oducticn o f  s u l f u r i c  ac i d  i n  the Uni ted States has increased a t  
an average annuai r a t e  o f  about 2 . 5  percent ever the  l a s t  10 years al though 
t h i s  growth has beer; s l i g h t l y  e r r a t i c  i n  c e r t a i n  years. 
Oe r i va t i  ve phosphoric ac i d  product ion i s  cu r re f i t l y  runni  nq a t  near 
op t i~ ium capac i ty  (Reference 6) .  This requ i res  h igh  capac i ty  use of feeder 
s u l f u r i c  ac i d  p lan ts .  Behind the r i s i n g  capac i ty  use a t  s u l f u r i c  ac i d  
p l an t s  are two forces, booming exports i n  phosphate f e r t i  1 i zat ions ?r?d 
swol len demand from U. S. rnanufacturii iy. Both in f leuncas are c y c l i c a l  , even 
v o l a t i l e .  Downswings could a f f ec t  s u l f u r i c  ac i d  product ion qu ick ly .  I n  
the U.S. and expor t  markets, so much s u l f u r i c  ac i d  demand hinges on f e r -  
t i 1  i z e r  use, roughly two- th i rds o f  the t o t a l ,  t h a t  o ther  uses seldonr have 
much e f f ec t  on the ove ra l l  market. With the lone except ion o i  uranium ore 
processing a t  t imes, s u l f u r i c  a c i d ' s  growth i s  t i e d  f i r i n l y  t o  phosphoric 
a c i d  used f o r  f e r t i  1  i zer. 
S u l f u r i c  ac i d  and by-product smelter a c i d  producers a re  shown 01- 
F igure 4-2. A l a rge  by-product smelter ac i d  f a c i l i t y  i s  loca ted  a t  
Copperhi 11 . Tennessee, produci nq about 1,250.000 tons per  year. The four 
su l fur -burn ing s u l f u r i c  ac i d  p lan ts  i n  Alabzma produce 342,000 tons per  
year. The one sul  fur -burn ing Tennessee p l a n t  produces 132,000 tons per  
year (Reference 7). 
By f a r  the l a rges t  end-use o f  s u l f u r i c  a c i d  (61 percent o f  the  t o t a l )  
i s  i n  the manufacturer o f  incrganic  f e p t i l i z e r s  and intermediates such as 
phosphoric ac id  and 3hospna"e f e r t i  1 i ze rs .  I n d u s t r i a l  users of s u l f u r i c  
ac id  are extensive and are concentrated large:y ir: the major i n d u s t r i a l  
regions of the country,  bu t  no s i ng le  end-use represents iflore thari 7 per- 
cerit o f  t o t a l  demand. Most i n d u s t r i a l  uses are we l l  developed, and none 
have p ro jec ted  growth ra tes  which are expected t o  reverse the t r end  o f  
increas ing percentages o f  s u l f u r i c  ac i d  being consumed f o r  f e r t i l i z e r s .  A 
more concise summary o f  the end-use p a t t e r n  f o r  1977 ( f rom Bureau of t t ines) 
i s  provided i n  Table 4-6. 
About 90 percent o f  t i le  s u l f u r i c  ac i d  used Fn f e r t i l i z e r s  I S  i n  the 
manufacture o f  wet process phosphoric ac i d  b y  the  re t i c t ion  o f  s u l f u r i c  ac i d  
w i t h  phosphate rock.  Also i n  the f e r t i l i z e r  category, bu t  much smal ler  i n  
volume, i s  the product ion of ammonium s u l f a t e  by the reac t i on  o f  s u l f u r i c  
ac i d  w i t h  ammonia. 

TABLE 4-6. ESTIMATED 1977 END USES OF SULFURIC ? C I D  
D E R I V A T I V E  PERCENT OF TOTAL 
F e r t i  1 i z e r s  6 1 
A1 k y l a t i o n  (Petroleum Praduc ts )  7 
Copper and Other Nonferrous 6 
Metais 
P a i n t s  and Pigments 2 
Pu lp  and Paper 1 
Steel Produc t i on  1 
P l a s t i c  and S y n t h e t i c  Products  1 
Other  Chem'cal s 8 
Other M i  scel lanzous Uses 12 
-
TOTAL 100 
Oxygen i s  t h e  l a r g e s t  volume U . S .  i n d u s t r i a l  gas, f o l l o w e d  c l o s e l y  by 
n i  tsogen. Oxygen usage has been g r o k i n g  steadi!~ For some t ime.  I n  1975, 
oxygen usage was down (Reference 8) because o f  t h e  econonic recess;on.  
Also,  oxygen usage f o l l o w s  t h e  s t e e l  i n d u s t r y ,  and s t e e l  product  on i s  
fa1 1  i ng o f f .  Howe\~er, oxgyen sa les  have, i n  genera l ,  remai w d  orof i tab1 e. 
Most oxygen s o l d  t o  the  s t e e l  i n d u s t r y  i s  o n - s i t e  o r  tonnage rxygen.  
Tonnage oxygen i s  produced by kn a i r x  sepa ra t i on  p l a n t  a t  t h e  s t e e l  s i t e  and 
i s  s imp ly  p laced  i n t o  t h e  b l a s t  furnace. The oxygen from these "ded ica ted"  
p l a n t s  i s  s o l d  t o  castomers under take-or -pay  c o n t r a c t $ # .  The o n l y  t i m r  
o v e r a l l  oxygen p r o f i t s  a re  a f f e c t e d  d u r i n g  an economic slow-down i s  a t  thr l  
beg inn ing ,  when s t e e l  companies c u t  t h e i r  o rde rs  f o r  merchant oxygen sup- 
plernenti  ng tonnage ox) gen a t  t h e i r  p l a n t s .  Meltchant o r  open-market oxygen 
i s  b rought  i n  by t r u c k .  Merchant oxygen i s  expected t o  urow 7% t o  about 
68 b i  11 ior ,  cub i c  f e e t  a  y e a r  (Reference 8). 
Merchant oxygen p r i c e s  are c u r r e n t l y  33 .5  t o  34 cents  pe r  nurdred 
cub i c  f e e t  ( p l u s  t ~ a n s p o r t a t i o n  arid equipment charges) f o r  t he  l a r g e s t  
users.  S ign i f l c .an t  nc* oxygen c a p a c i t y  i s  coming on l i n e  f o r  merchant 
market ing .  There a re  many hnce l - t a in t i es  i n  f u t u r e  r xygen demand; a  reces-  
s i o n ,  s tee1 product ior? cutbacks,  h i g h e r  e l e c t r i c a l  cos ts .  A1 1 can d r i v e  
oxygen demand down. 
Primary metals i ndus t r y  u t i l i z e  30% o f  oxygen prcduct ion,  fo l lowed by 
hea l t h  serv ices (1 3%), and metal f a b r i c a t i n g  (6%). 
N i t rogen 
Ni  t royen demand growth has been outs tanding since the  e a r l y  1970's. 
Average product ion growth has been averaging 11% o r  g rea te r  per year, 
N i t rogen 's  growth has been so good it i s  expected t o  overtake oxygen as the 
l a r g e s t  i n d u s t r i z l  gas (Reference 8). As w i t h  oxygen, merchant product ion 
o f  n i t r ogen  i s  most important t o  producers, since tonnage n i t r ogen  again i s  
;oia on commodi ty - type,  iower p r o f i t  take-or-pay cont racts .  Recently, how- 
ever, the  merchant market f o r  n i t r ogen  has been lagg ing t he  t o t a l  market. 
The growth o f  n i t r ogen  demand, espec ia l l y  tor~nage n i t rogen,  has been 
t i e d  t o  the increas ing acceptance as an i n e r t  b lanket 'ng agent f a r  metals,  
e l ec t r on i cs ,  and chemical processing. Ni t rogen has been rep lac ing  i l a tu ra l  
gas as a  b lanke t ing  agent, and naw n i t r o y e n ' s  b igges t  market i s  as a  b lan-  
ke t i ng  a7ent. Another f a s t  growing n i t r ogen  market i, a:. a f reez ing  agent, 
especial  l y  i n  processed foods. 
P r i ce  increases f o r  n i t rogen  have been lagg ing general i n f l a t i o n  
because o f  product isn economies o f  scale. Current p r i ces  (mid- 1979) f o r  
merchant n i t rogen  are 30.54 per  hundred cubic f ee t ,  r ~ l u s  t r acspo r t a t i on  and 
equipment chargec. Tlre p r i c e  t o r  tonnage n i t rogen  i s  much lower and i s  
spec i f i ed  i n  a long-term cont ract .  
P lan t  capac i ty  u t i l i z a t i o n  has l i l t i e  t o  do w i t h  the n i t rogen  p r i c e ,  
except i n  a  few i so l a ted  cases. G e n ~ r a l l y ,  a i r  separat ion p l an t s  can 
produce more than three times more n i t rogen  than oxygen. Therefore, pro- 
ducers o f  n i t rogen  are i n  a  pos;+,ion i n  which t h e i r  product  genera l l y  
exceeds the ex i  s t i  ng market. 
Carbon Dioxide 
Carbon d iox ide i s  an important i n d u s t r i a l  gas, usua l l y  generated from 
na tu ra l  sources and recovered i n  small amounts f o r  commercial uses. Most 
carbon d iox ide  used i n  merchant o r  cap t i ve  consumption i s  obtained as a  
by-product o f  the product ion o f  synthesis gas which i s  used f o r  producing 
ammonia, methanol and other chemicals, and a lso  f o r  hydrocracking and 
hydro t rea t ing  o f  petroleum products. Large amounts o f  industry-generated 
carbon d iox ide  are vented t o  the atmasphere. Carbon d iox ide  i s  no t  manc- 
fac tured by merchant producers, bu t  i s  gathered by them as a  by-product 
from the bas ic  processes o f  o ther  companies. Therefore, t h ?  cos t  of ner-  
chant carbon d iox ide  i s  a c t u a l l y  based on the l i q u e f a c t i o n  capac i ty  
requi red,  s ince the raw gas i s  taken from ammonia p l an t s  and syn the t i c  gas 
f a c i l i t i e s .  Carbon d iox ide p l an t s  tend t o  be s i t ua ted  near markets because 
i t  i s  a  cheap product and t ranspor ta t ion  costs are r e l a t i v e l y  high. I n  
general ,  i t  i s  not  economical t o  sh ip  carbon d iox ide  more than 200 t o  
300 mi les .  P lants  vary i n  capac i ty  from a few tons per day up t o  about 
700 tons per  day (Reference 9) .  A summary o f  p l a i # t s  and product ion amounts 
f u r  regions i n  the U. S. dur ing 1977 a re  shown i n  Table 4-7. 
TABLE 4-7. REGIONAL PATTERN OF U.S. PROWCTIOH AND SHIPMENTS OF 
L I Q U I D  AND SOLID CARBON OlOXIDE I N  19i7  
VALUE 0 1  
PROOUCTION SHIPMENTS SHIPMENTS REGION 
NlfMBER ITHOUSAND (THOUSAND <MILLION A?!? 
OF PLANT S TORS' T0#91 U U L L ~ R S I  STATES 
22 11 3 6 107 9 10 6 NEW ENGLAND II 
MIDDLE ATLANTIC 
[ME NM VT MA. RI 
NV NJ PA Cfl 
36 412 3 397 5 18 3 E NORTH CENTRAL 
{OM IN I1 MI WII 
274 9 268 3 11 3 W NORTH CENTRAL 13 
IMN IA MO NO 
SO NB KS) 
40 523 7 JY2 7 23 4 S ATLkNTIC & I 
E SOUTH CENTRAL 
IOE MO OC VA 
W VA NC SC GA 
FL TN AL MS 
FL KYI 
l6 I 597 5 JSb 8 16 4 W SOUTH CENTRAL iAR LA OK TXI 
20 107 9 101 9 2 5 MOUNTAIN 
IMT 10 WY CO 
A2 UT WVI 
2 2  2 2 5  9 211 0 PACIFIC - - - 1 "  
WA OR CA 
AK Hli 
195 2 255 8 2 090 1 88 3 TOTAL U S h 
i 
SOURCE U S DEPARTMENT OF COMMERCE IUREAU OF THE CENSUS CURRENT INDUSTRIAL REPORTS 
SERIES M28C \77)-14 
Current uses (Reference 8) f o r  carbon d iox ide  a re  f o r  food r e f r i g e r a -  
t i o n  (37!%), i n d u s t r i a i  (IS%), beverage carbonat ion (25%), and o ther  indus- 
t r i a l  uses ( 2 2 % ) .  Carbon d iox ide  i s  a l so  used i n  coal  min inc f o r  pres- 
su r i z ing ,  f o r  o i l  we l l  s t imu la t ion ,  and f o r  water treatment. 
General ly, p u r i t y  requirements f o r  carbon d iox ide  are high. The prod- 
u c t  usua l l y  has t o  be 99.38% pure carbon d iox ide  w i t h  a1 1 s u l f u r  removed 
since t race  su 1 f u r  i s  l~nacceptabl  e f o r  carbonated beverages, food process- 
ing, and r e f r i g e r a t i o n  uses. 
Patterns o f  merchant ron:umption f o r  carbon d iox ide  use i s  shown i n  
Table 4-8. The growth of  the  f as t  food indus t ry  has boosted carbon d iox ide  
usage i n  r e f r i g e r a t i o n  and carbonation. The merchant market f o r  carbon 
d iox ide  i s  less thaJ1 h a l f  o f  the  x t a l .  Area prodlrct ion, chemical indus- 
t r i e s ,  and o i l  w e l l  s t imu la t i on  account f o r  about h a l f  o f  t he  t o t a l  market. 
Most i ndus t r i es  use ho t  water, steam, o r  hot; a i r  i n  space heat ing,  
process heating, o r  as a process feedstock. The nat ionwiae u t i l i z a t i o n  o f  
i n d u s t r j a l  process heat i s  shown on Table 4-9 (Reference 10). Steam usage 
i s  p ro jec ted  t o  r i s e  t o  about 22 percent o f  the t o t a l  process heat u t i l i z a -  
t i o n  by 1985. The b i g  us2rs of steam are the  chemical, petroleum, and 
t e x t i l e s  indus t r ies .  
The value o f  steam i s  based on i t s  u t i l i t y ,  which i s  a f unc t i on  o f  
both i t s  enthalpy and end-use. Most p l an t s  use several steam-pressure 
leve ls ,  and i n  m a y  p l an t s ,  waste-heat b o i l e r s  may supply steam a t  several 
d i f f e r e n t  leve ls .  P lac ing a market p r i c e  or! steam i s  r a the r  d i f f i c u l t .  
Process s t e m  from waste-heat recovery may have a low e f f e c t i v e  generat ion 
cos t  becase  the heat w ~ i l d  otherwise be re jec ted  t o  the surroundings. 
Process steam from f o s s i l  o r  s yn tne t i c - f ue l  f i r e d  b o i l e r s  w i l l  have a much 
h igher  cos t  because of  the h igh ccs t  of the imported fue l .  The average 
c o s ~  o f  producing steam i n  a t y p i c a l  p l a n t  i s  estimated t o  be $5-6 per  
MMSTU i n  1380. 
Because steam must be t ransported through insu la ted  p i p i n g  t o  conserve i t s  
energ), i ndus t r i es  which might purchase the  steam w i l l  have t o  be co- 
located w i t h  the  coal  g a s i f i c a t i o n  f a c i l i t v .  An i n d u s t r i a l  re5erve s i t e  i s  
i n  f a c t  located southwest o f  the  pl.:nned Mut-phy H i l l  s i t e .  
Tars 
-
Coal t a r s  are usual l y  nade from the h iyher-bo i  1 i r;g fr.actions ( C L ~ I -  
450°F) o f  the crude t a r  produced by coke ovens and coal  ~ + r t u t . t s .  
ava i l ab l e  grades range from l i q u i d s  a t  30 sec. v i c o s i t y  a t  i Z O 0 F  t o  a 
pu lve r i zed  p i t c h .  Chemically, they are mixtures of hydrocarbons, phenols, 
and heterocycl  i c  n i t rogen ,  oxygen, ar;d sul f u r  compounds. They are much 
more aromatic than petroleum fue ls  dnd burn wi:.n a luminous flame. Su l f u r  
i n d  ash contents are usua l l y  low. The ash, u n l i k e  petroleunr ash, is high 
TABLE 4-8. TRENDS I N  MERCHANT CARBON D I O X I D E  CONSUMPTION 
(?ERtE:liAGES OF TOTAL BY MAJOR E N D  VSES) 
. 
1 i BREAKDOWN OF "OTHER USES" NOT AVAILAfJLE 
21 INE91 Alr\?OSPHERES FOR FOOD PROCESSING. FIRE EXTINGUISHING, ETC 
SOURCES CHEMICAL ECONOMICS HANOBOCK 1974 p 73! 5015 7 
-
CHEMICAL & ENGINEEfiING NEWS JUNE 26 ' 3 7 8  p 13 JULY I d  1'377, p l !  
b 
HOT WATER STEAM DIRECT HEAT HOT AIR ROUNDED 
INOUSTRV/SEGMEYT 212 F 212 350 F 350 F 212 F 212 350 350 F TOTALS 
ALUMINUM 15 125 200 
AUTOMOBILES AN0 TRllCKS I 5  I 1 6  24 7 11 6 1 0  54 
CEMENT 490 4¶0 
CERAMIC 370 370 
CONCRETE BLOCK AN0 BRICK I I 8 25 
GYPSUM 38 17 55 
CHEMICALS IIWORGANIC) 286 5 5 14 5 2 34 541) 
COAL MINING AN0 CLEANING Y 8 I 8  
COPPER I 4  2 2 4 55 4 12 
f 000 PROCESSING 22 98 36 4 4 0 34 5 6 20U 
CUSS 12 14 I 4  446 486 
LUMBER 4 3 I 6  2 3 1 83 1 3 2 55 1 165 
MINING IfRASCH SIJLFUR) 51 51 
PAPER AN0 PULP 645 130 775 
PE TROLEUM REFINING I50 450 3200 3000 
PLASTICS/SELf CTEO POIYMEitS 9 4 11 6 2 1 
RUBBER/ SBR MAWIIFACTURE 8 3 8 
STEEL AND IRON 75 1925 2000 
TEXTILES 25 7 258 C 0 93 6 16 9 )aa 
ROUNDED TOTALS 93 1630 628 120 187 7012 9.730 
PERCENT OF TOTAL 1 0  16 8 6 5 1 2  1 9  72 6 
i n  a l ka l i ne  ear th elements and usual ly  f u l l  o f  vanadium. Typical analyses 
(Reference 11 , page 9-1 1 ) are shown on Table 4-10. 
Because o f  natural  gas curtai lments and fue l  cots, many industr ies are 
dr iven t o  using No. 6 fue l  o i l .  Fuel o i l  usage i n  northern Alabama and 
south centra l  Tennessee i n  1977 was approximately 20 t r i l l i o n  BTU/year. If 
the coal t a r  can be converted t o  a  fue l  o i  1 ,  F s i g n i f i c a n t  market ex is ts .  
Table 4- 10 i 1 lus t ra tes  a rough comparison betwen Lurgi-derived coal t a rs  
and number 6 fue l  o i l .  
Argon 
Argon i s  an abundant member o f  the ra re  gas family,  and i s  a co lor-  
less, tasteless gas somewhat soluble i n  water. Argon i s  t y p i c a l l y  so ld i n  
four commerci a1 grades depending on p u r i t y  , nitrogen, oxygen, hydrogen, and 
carbon dioxide content (Reference 12). 
Argon i s  used extensively i n  the incandescent lamp industry  f o r  the 
f i l l i n g  o f  l i g h t  bulbs. It i s  used i n  arc welding as an i n e r t  gas sh ie ld  
to prevent ox idat ion o f  the metals being welded. It i s  also used w i t h  
other' rare gases i n  the f i l l i n g  o f  special bulbs and display tubes to  
obtain special co lo r  ef fects 5a the neon-type bulbs. Many Geiger-counting 
tubes contain argon o r  argon mixed w i t h  organic vapors and gases, par- 
t i c u l a r l y ,  90% argon-10% methane which i s  used un iversa l l y  as a  propor- 
t i ona l  counting gas. 
Plasma j e t  torches, u t i  1 i z i n g  an argon-hydrogen mixture heated t o  
temperatures i n  excess o f  10,OOO°K, are used f o r  c u t t i n g  operations and f o r  
containing metals w i th  re f rac tory  mater ials.  The high- temperature preparit- 
t i on ,  re f in ing ,  and fab r i ca t i on  of many materials must be car r ied  out i n  an 
argon (o r  helium) atmosphere. Most o f  the h igh-pur i ty  s ingle c rys ta ls  used 
f o r  semiconducting devices are grown i n  an argon (or  he1 ium) atmosphere. 
I n  doping semiconductors w i th  contro l  l e d  amounts o f  impur i t ies,  the l a t t e r  
are frequently introduced < n  a stream o f  argon (or  he1 ium). Argon (or 
helium) i s  used extensively t o  carry a  reactant t o  a react ion zone, t o  
modify the r a t e  o f  a  react jon by d i l u t i o n ,  and t o  remove react ion products. 
TABLE 4-10. CHARACTERISTICS OF COAL TARS AND N0.6 FUEL OIL 
a 
COAL 
DENSITY, LB/U.S.  GAL.. 
60 F . . . . . . . . . . . . . . . . . . . . . . .  
WATER CONTENT, W T  K 
ULTIMATt ANALYSIS, X .  
. . . . . . . . . . . . . . . . .  CARBON 
. . . . . . . . . . . . . . .  HYDROGEN 
. . . . . . . . . . . . . . . . . .  OXYGEN 
NITROGEN . . . . . . . . . . . . . . . .  
SULFUR . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  CHLORINE 
A S 3  . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  C l H  RATIO 
GROSS CALORIFIC VALUE. 
. . . . . . . . . . . . . . . . . . . .  O.T.U ,'LB 
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THE BOM CORPORATION 
I. 
5.0 ALTERNATE PRODUCT ANALYSIS 
5.0 ALTERNATE PRODUCT ANALYSIS - TASK 5.1.4 
Complete f a c i l i t y  economic analysis requires the inves t iga t ion  o f  
possible a l te rna te  product options over the production o f  MBG. Methane, 
methanol, hydrogen, and gasoline have been i d e n t i f i e d  as possible candi- 
dates and have been characterized as i n  Section 2.0 o f  t h i s  rept rt. 
5.1 Approach 
The approach taken i n  character iz ing the a1 ternate products options 
was the same as was used i n  the MBG case. The primary d i f ference was t h a t  
the references avai lab le t o  obta in information complete f o r  t h i s  sect ion 
were f a r  less. Appendix A o f  t h i s  repor t  contains an i d e n t i f i c a t i o n  o f  
references used i n  t h i s  subtask. 
5.2 System I d e n t i f i c a t i o n  
NASA-MARSHALL has i d e n t i f i e d  a1 ternate products as system 20. 
Table 5-1 i s  the breakdown t h a t  has been used t o  obta in cost  and charac- 
t e r i z a t i o n  data f o r  the a l te rna te  product options. 
5.3 System Descript ion 
A b r i e f  descr ipt ion o f  each u n i t  operation has been included i n  t h i s  
section. Each descr ipt ion addresses the cost and design dr ivers  and any 
c r i t i c a l  technology issues i d e n t i f i e d  thus f a r  i n  the study. 
5.4 System Characterization 
The a l ternate product u n i t  operations character izat ions are reported 
on the same basis as the MBG u n i t  operations o f  Task 5.1.1. Appendix E 
summarizes the stream character izat ions and raw materials , and Appendix F 
the system characterizations. The operation and maintenance costs are 
reported i n  Appendix 0. Table 5-2 i s  a summary o f  the component charac- 
t e r i z a t i o n  o f  the a l te rna te  products u n i t  operations. 
TABLE 5-1. ALTERNATE PR3DUCTS 
UNIT  OPERATION CATEGORIES 
t I W E R  
-
90 SHIFT CO!iVERSION 
91 t tET6: i4110N 
92 U S  !I;'* I I i C  
93 HETH'1CL SYHTHESIS 
9C GkSO?:!:E SYNTHESIS 
95 HYDR0GE:I RECOVERY 

SYSTEM NUMBER 20 
UNIT OPERATIONTN~ER -QL
OESCRIPT ION SHIFT CONVERSION 
The purpose o f  t h i s  u n i t  i s  t o  adjust the hydrogen t o  carbon monoxide r a t i o  
o f  the raw gas from Gasi f icat ion f o r  downstream processing, This adjust-  
ment i s  accomplished c a t a l y t i c a l l y  by the exothermic " S h i f t  Reaction": 
A number o f  cata lysts  are commercial l y  ava i lab le  t o  promote t h i s  reaction. 
Among them are the fol lowing: 
a Cobal t-molybdate on a1 umi na, high-temperature, 650°F, requires 
H2S i n  feed. 
a Iron-chrome, high-temperature, p a r t i a l  l y  deactivated by s u l f u r  i n  
feed. 
a Copper-Zinc, low-temperature, cannot t o le ra te  s u l f u r  components 
i n  feed. 
These tolerances w i l l  d i c ta te  the placement of t i le S h i f t  Conversion System 
r e l a t i v e  t o  the Acid Gas Removal System. A l l  o f  these cata lysts  are used 
i n  fixed-bed reactors. The process descr ipt ion which fol lows i s  f o r  a 
typ ica l  shi f t  conversion system employing a high-temperature cobalt-  
molybdate cata lyst .  
Feed gas t o  the S h i f t  Conversion Un i t  i s  preheated by heat exchange against 
converter e f f l uen t  gas and the i n j e c t i o n  of high pressure process steam, t o  
a temperature o f  about 650°F. 
Part of the gas i s  not preheated t o t a l l y  but bypasses the converters t o  
provide contro l  o f  the t o t a l  H2/C0 r a t i o  i n  the gas leaving the system. 
The preheated gas passes through the s h i f t  converters, where the s h i f t  
react ion takes place i n  a f i xed  bed o f  ca ta lys t .  The heat o f  react ion 
causes the temperature o f  the o u t l e t  gas t o  r i s e  t o  about 900°F. This hot 
gas i s  then used t o  preheat the i n l e t  gas anci t o  heat other process 
streams. A t  an appropriate po in t  i n  the gas cool ing sequence, the bypassed 
gas is combined w i th  the sh i f t ed  gas. 
The combined gas stream i s  fu r ther  cooled against a i r  or  cool ing water. 
Condensed water i s  separated from the vapor and sent t o  the water t rea t i ng  
systems i n  the main por t ion  o f  the p lant .  The coaled gas then passes t o  
downstream processing. 
Ocpending on the  c a t a l y s t  selected, COS hydro lys is  t o  H S may occur. This 
can reduce the cos t  o f  some downstream Acid Gas Removal fvoccsser i f  essen- 
t i a l  l y  complete removal of su l f u r  i s  required. The bypass gas may a l so  he 
passed through c a t a l y t i c  hydro lys is  f o r  COS conversion t o  HZSa 
The Design Dr ive rs  include: 
1 )  H /COrat iorcqui rements i n s h i f t e d g a s  
2)  zed Gas Temperature, OF 
3) COS hydro lys is  requirements 
4) Cata lyst  se lect ion,  
The Cost Dr ive rs  include: 
1) CO moles s h i f t e d  
2) COS moles s h i f t e d  i n  bypass. 
C r i t i c a l  Technology Issues which must be addressed are the amount of COS 
hydro lys is  t o  be expected i n  commercial l y  ava i l ab le  cobal t-molybdate s h i f t  
ca ta lys ts ,  and the commercial avai  l a b i  1 i t y  o f  COS hydro lys is  ca ta l ys t s  f o r  
use on the bypass stream. 
SYSTEM NUMBER 20 
UNIT OPERATIONXF~EX. 91 
DESCRIPTION METHANATION 
The purpose o f  the Methanation Sect ion i s  t o  e f f e c t  the  r e q u i s i t e  chemical 
react ions f o r  conver t ing the p u r i f i e d  synthesis gas i n t o  a high-Btu, 
" p i pe l i ne  q u a l i t y "  gas which i s  essen t i a l l y  equiva lent  t o  na tu ra l  gas. 
Nicke l  c a t a l y s t  and temperature-control led, f ixed-bed reactors  a re  used t o  
e f f ec t  the  react ions. 
The essence o f  any methanation process i s  t o  con t ro l  the heat o f  reac t ion  
so t h a t  the process operates a t  the des i red temperatures and t o  recover the 
exothermic heat o f  reac t ion  so t h a t  a h igh thermal e f f i c i e n c y  i s  rea l i zed .  
The methanation process i s  a c a t a l y t i c  fixed-beJ, ad iabat ic ,  gas-recycle 
process. A h i gh l y  ac t i ve  n i cke l  c a t a l y s t  i s  used t o  e f f e c t  the metkanation 
react ions. Reaction temperatures a re  con t ro l  l e d  by recyc l  i ng a p o r t i o n  of 
cooled product gas. 
The process cons is ts  o f  three major subsystems: 
Methanation reactors  
r Gas recyc le  t o  methanation reactors  
Waste heat recovery. 
A large number o f  poss ib le  conf igurat ions are possible.  Some o f  these 
invo lve p ropr ie ta ry  technology, others do not. The f o l  lowing process 
descr ip t ion  i s  based on a non-propr ietary conf igurat 'on using a commer- 
c i a l l y  ava i lab le ,  bu t  as y e t  unproven, ca ta lys t .  To date, no methanation 
c a t a l y s t  has been commerci a1 l y  demonstrated f o r  high-BTU pipe1 i ne gas 
product ion from coal  -der i  ved synthesis gas. 
Feed gas i s  preheated by ho t  process gas and passes through s u l f u r  guard 
reactors  which remove traces o f  s u l f u r  from the gas. This i s  requi red t o  
avoid poisoning the methanation ca ta l ys t .  The desu l f u r i r ed  feed gas passes 
through a ser ies o f  f ixed-bed c a t a l y t i c  reactors,  combining w i t h  por t ions  
o f  f resh  feed and recyc le  gas between reactors.  The methanated e f f l u e n t  
gas i s  cooled, compressed, and sp l  it i n t o  product and recyc le  gas streams. 
A f t e r  each methanation reactor ,  heat o f  reac t ion  i s  removed from the e f f l u -  
en t  by generat ing high-pressure steam i n  a she1 1-and-tube exchanger. A f t e r  
being s p l i t  from the recyc le  gas, the ne t  product i s  cooled by preheat ing 
the guard bed feed, then by coo l ing  w i t h  water o r  a i r .  Condensed water i s  
separated from the  gas stream, which may then be compressed t o  pipe1 ir;e 
pressure. 
Design drivers for the unft are: 
1 )  fypeof feed/recycle splitting 
2)  Catalyst selection and properties 
3) H /CO ratio in feed 
4 )  fged Pressure 
5) Utility of HP steam in the plant. 
Cost drivers are: 
1)  Feed rate, ACFH 
2) Feed pressure 
3) Moles CH produced 
4) Feed sulfur contect. 
A critical technology issue concerns the commercial availability of a 
high-temperature recycle compressor. If such equipment were not available, 
cold gas recyle would be used and a significant energy penalty would result 
from the loss of latent heat in the water condensed from the recycle gas. 
SYSTEM NUMBER 20 
UNIT OPERATION- 92 
OESCRIPTION PRODUCT GAS DRYING 
The purpose o f  t h i s  u n i t  i s  t o  dehydrate t he  SNG product t o  t he  p i p e l i n e  
s p e c i f i c a t i o n  us ing TEG ( t r i e t h y l e n e  g lyco l ) .  
f h i  s i s  a non-propr ietary process. 
The product gas i s  passed countercurrent  against  a TEG so lu t i on  ( lean  
so lu t i on )  i n  a TEG absorber g i v i n g  up water t o  the  TEG solutior,.  The d r y  
gas i s routed t o  the  p i p e l  i ne. 
The water-laden TEG s o l u t i o n  ( r i c h  so l u t i on )  leaves the  TEG absorber a f t e r  
being countercurrent ly  contacted w i t h  the  product gas stream. The r i c h  
s o l u t i o n  i s  depressurized and heated by c o i l s  i n  the  TEG Storage Drum and 
the TEG Regenerator. I n  the TEG Storage Drum, the  r i c h  g l yco l  i s  heated up 
by the hot ,  lean TEG i n  the storage drum. The c o i l  i n  the regenerator 
serves a dual purpose. I t  heats up the r i c h  g l yco l  s o l u t i o n  before i t  
enters  the regenerator,  and i t  a lso  serves as an overiread condenser f o r  the 
regenerator. The water vapor from the  regenerator i s  vented t o  the  
atmosphere. 
The TEG regenerator i s  r ebo i l ed  w i t h  550 p s i g  steam. Enough steam i s  used 
t o  achieve proper concent ra t ion o f  the  glyco' l  so lu t ion .  
The lean g lyco l  s o l u t i o n  leaves the r e b o i l e r  and i s  cooled by the r i c h  
g lyco l  c i r c u l a t i n g  i n  the c o i l  o f  the storage drum. The lean so lu t i on  i s  
then pumped above p i p e l i n e  g r i d  pressure t o  enter  the top of  the absorber. 
A rec 'pracat ing pump i s  used f o r  t h i s  purpose. The lean so lu t l on  re-enters  
the absorber a f t e r  being cooled b) a c o i  1 i n  t he  absorber near the  vagor 
o u t l e t  thus completing the  TEG c i r c u i t .  
The pr imary cost  and design d r i v e r s  are quan t i t y  o f  gas t o  be d r i e d  and the 
water content o f  th i l  product gas. 
! !  
I - '  
SYSTEM NUMBER 20 
UNIT OPERATIOET~RER . , 9 3  
OESCRIPI ION METHANOL SYNTHESIS 
The purpose o f  t h i s  u n i t  I s  t o  convert p u r i f i e d  synthesis gas i n t o  methanol 
using a c a t a l y t i c  reaction. 
A number o f  propr ietary processes are commercially avai lab le from several 
1 icensors, inc luding Lurgi and Oavy-McKee, Inc. The f o l  lowing descr ipt ion 
i s  fo r  the Lurgi 50-atmosphere synthesis process, which has been commer- 
c i a l  ly demonsrated. 
The synthesis gas enter ing the system i s  compressed t o  about 1100 ps ig  and 
mixed w i t h  a recycle gas stream. A recycle gas compressor then compresses 
the mixture t o  overcome the pressure losses o f  the recy le loop. This loop 
consists o f  a heat exchanger t o  heat syngas and recycle gas against 
methanol and recycle gas, a fixed-bed c a t a l y t i c  reactor,  condensers, and a 
sepcrator i n  which the unconverted gas i s  separated from the methanol f o r  
recyc 1 i ng . 
I n  the reactor,  the heat o f  react ion i s  t ransferred t o  b o i l e r  feed water 
f lowing outside the ca ta l ys t  tubes, thereby generating medium pressure 
steam. The reactor  temperature i s  cont l to l led by con t ro l l i ng  the steam 
pressure. 
The high pressure methanol l i q u i d  product i s  reduced i n  pressure and flows 
i n t o  a vessel f o r  degassing; the methanol i s  sent t o  By-Product Storage, 
Un i t  Operation 82. 
To e l iminate the build-up o f  methane and i ne r t s  i n  the recycle gas, a 
po r t i on  o f  the recycle gas i s  purged continuously and used f o r  p lan t  fue l  
along w i t h  the gas from the methanol zeparation vessel. 
The primary cost and design dr ivers  are: 
a Capacity , T PO Methanol produced 
a Feed gas pressure 
a Percent i n e r t s  (compcunds other than HZ and CO) i n  the feed gas. 
SYSTEM NUMBER 20 
UNIT OPERATION NUMBER 94 
OESCRIPTION GASOLINE SYNTHESIS (FROM METHANOL1 
The purpose o f  t h i s  u n i t  i s  t o  dehydrate crude methanol t o  LPG and gasoline 
hydrocarbons which can be marketed d i r e c t l y  without f u r the r  processing. 
Mobil has demonstrated a propr ie ta ry  c a t a l y t i c  process t o  dehydrate 
methanol t o  the stoichiometr ic y i e l d  o f  hydrocarbons (44%) and water (56%). 
The react ion takes place over fixed-bed c a t a l y t i c  reactors. The react ion 
i s  h ighly  exothermic w i t h  the heat o f  react ion being about 740 Btu/ lb o f  
methanol. Therefore, t i le  pr inc ipa l  problem i n  designing a reactor system 
i s  heat removal. I n  the f i xed  bed reactor system, t h i s  problem i s  mini-  
mized by d i v id ing  the above overal l  react ion (and reactor system) i n t o  two 
steps. I n  the f i r s t ,  methanol i s  p a r t i a l l y  dehydrogenated t o  form an 
equi l ibr ium mixture o f  methanol, dimethyl ether and water. About 20% o f  
the heat o f  react ion i s  released i n  t h i s  f i r s t  step without any recy l e  f o r  
temperature control .  I n  the second step, where hydrocarbon conb.=rsion 
takes place, a large recycle gas stream (from 6/1 t o  9/1 r a t i o )  i s  used t o  
1 i m i  t the temperatwe r i s e  across the bed t o  about 125OF. 
While other systems, such as quenched reactor,  tubular  heat exchange 
reactor, o r  f l u i d i zed  bed reactor could be designed, the f ixed bed, gas 
recycle system has been wel l  demonstrated and i s  read i l y  scaleable t o  
higher throughputs. 
Small amounts o f  CO, CO and coke and trace amounts o f  formic ac id  and 
acetone i n  the water &duct are formed as by-products. A f te r  fourteen 
days on stream, enough coke accumulates on tt,e ca ta lys t  t o  requi re regener- 
at ion. The ca ta lys t  i s  regenerated by coke combustion i n  a cont ro l led  
manner t o  l i m i t  the maximum temperature t o  900°F. Since the ca ta lys t  
converts other oxygenates and i s  t o le ran t  t o  water, crude methanol without 
any p u r i f i c a t i o n  can be charged d i r e c t l y ,  thereby simp1 i fy ing  the methanol 
synthsis. 
The produced hydrbocarbons are predominantly i n  the gas01 ine bo i  1 i n g  range 
(C4 to ClO), and the gasoline i s  chemically conventional, consis t ing o f  
h ighly  branched para f f ins  (51%), high:y branched o l e f i n s  (1 3%),  naphthenes 
(8%) and aromatics (28%). I t s  unleaded research octane number (RON) ranges 
from 90 t o  100. Essent ial ly,  no hydrocarbons la rger  than CI0 and no 
oxygenates are produced. 
Other minor subsystems are used t o  f ract ionate the hydrocarbon product and 
t o  c a t a l y t i c a l l y  upgrade the f ract ionated products t o  export qua l i t y .  
The major cost and design d r i ve r  f o r  t h i s  system i s  ?.he methanol feed rate,  
tons per day. 
SYSTEM NUMBER 20 
UNIT OPERATIONTG~ER 95 
DESCRIPTION HYDROGEN RECOVERY 
The purpose o f  t h i s  u n i t  i s  t o  separate hydrogen from other gases, t o  
produce the appropriate p u r i t y  hydrogen f o r  gas sales. 
The Pressure Swing Absorption Process (PSA) i s  ca~nrnercially ava i lab le  from 
the Union Carbide Corporation. 
The main equipment elements o f  t h i s  u n i t  are p a r a l l e l  pressure-swing 
absorption columns which a1 ternate absorption and regeneration. During 
operation, essent ial  ly a1 1 non-hydrogen elements and a po r t i on  o f  the 
hydrogen are absorbed. The remaining hydrogen leaves the u n i t  a t  a p u r i t y  
o f  98+%. 
Regeneration i s  by pressure reduction i n  3 stages w i t h  the f i n a l  pressure 
nearly atmospheric. The desorbed gases can be compressed and recycled t o  
an upstream s h i f t  conversion un i t ,  o r  used f o r  p lan t  fuel .  
The primary cost  and design dr ivers  are: ' 
% H i n  feed gas and p u r i t y  of product hydrogen 
cap$ci ty o f  the u n i t ,  gas throughput 
Pressure and temperature o f  feed. 
- 
THE BDM CORPORATION 
6 . 0  PRELIMINARY INTEGRATED FACILITY REQUIREMENTS DOCUMENT 
6.0 PRELIMINARY INTEGRATED FACILITY REQUIREMENTS DOCUMENT 
I P I F R D )  - TASK 5 . 1 . 5  
This document has been prepared i n  prel iminary form using a d r a f t  
provided by NASA-MARSHALL and completed using industry experience and 
reference 1 i t e r a  ture .  The two P I  FRD ' s have been based on Koppers-Totzek 
and Texaco g a s i f i e r  technology and have been submitted, i n  DR-11 format, 
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APPENDIX B 
SYSTEM CHARACTERIZATION 
SYSTEM NUMBER 2 
UNIT OPEHATION NUUDER 10 
APPENDIX B 
S Y S T E U  CfIARACTERIZATION 
SYSTEM NUMBER 2 
U N I T  OPERATION 1IUHBER LO 
D E S C H I P T I O N  CoAI. RE(:EIVING. S1U)HAGF: AND TRANSFER SHEET 2 OF 2 
pEFEMENCE/CASE a /  1 1 / 1  1 2 /  . 1 6 h A t w i n o u s  
110. OF PARAI.I.EL T R A I N S  
OYI:HATING/SI'ARE 3/0 
SYSTEU C O S T ,  Wl S 36.712 8.780 23.0 96.240 
IJATE OF W N E Y  wid  77 A ~ j r  78 1st Qtr 78 
1. U A X  CAPACITY,  ToHS/IJAY 4 3,700 1.000 48,000 21,320 
,,, 2. STOHA(;E, W N ) ~ ~ S .  zao 3 0 640 
ti 
C. W 3. AVAII.AII1.E AI(t:A, SO F T  Irr > 
0'' 4 .  
" B 5 .  
- 
1 . 0EI.IVEHY ~ l ~ l ' l l l l l )  U n i t r a i n  lOOT 
Y) n o t t o m  11unp 
;..a 2. 
s!! 3 -  
ul n 
W e :  
L ~ L >  4 -  
5 .  
- 1 
1. E l . r C i N I C I T Y ,  XU 14,000 8,400 
2. I1.P. STEAM, Mlb / l lH  0 
V1 
u 3. U.P. SI'CAM, Mlb/IIH 0 
E C )  :! 1: 4. L.P. S'PF:AH, M I I , / I I H ( L . S f C .  37H.5(1 35)  0 
c r  ic 
..w 5 .  B O I L E R  FCEDWAl'ER, GFU 0 
r 
6. COOLING WAI'I:R, CPH 1,120 ( w k c t ~ p  fro* C-T blm dovn 
Tth+-sc cost dt-i':,!r% ;lrc, a l s o  d c s i q n  dr ivr -rn  
Al'I'ENDI X D 
SYSTEM CIIARACTERIZATION 
SYSTEU NUUEIER 11 
uI4IT OPEPATION NUHOER 11 
1 1 / 1  
2 / 0  
4 . 9 7 0  
Avr 78 
9 7 5  
5 6 4  
6 7 
1 2 /  
2/O 
1 2 . 2  
1 s t  O t r  7 5  
3 0 , 0 0 0  
8 , 1 0 0  
140,000 (501 
I / 4  
1/1 
26.R16 
N i d  7 6  
2 2 , 7 8 3  
1 . 6 1 ) )  
13lBlc;rs 
110 




2/  1 
2 6 . 8 1 6  
Mid 76 
1 9 , 9 9 3  




2 6 . 8 1 6  
Mid  7 6  
2 0 , 2 7 2  
1 , 6 t 1 3  
Gi:SCPI I'TION CoAl. 
I*EFEPENCE/CASE 
1 4 0 .  OF PAPALLEL T M I I J S  
OI'CMTTtiG/SPARE 
liYSTEM COST, MU $ 
UATE OF W I E Y  
1 . CAIbAc:ITY, l~R4:;/ l~Ai '  
2 . ow. :Anlwc:e t wtn 11u u.\s;rlb.tu 
P. 
:; 9 3. I'INCS t¶INIMI%ATION 2: 4 .  
n 5 - 
1 - FINES NItdlMl%ATIrJt4 
VI 
:: a 2 .  (:~AI. &nwJpt;wr IE:; 
I 3  8.1 .,> 
",  3 .  l)I.l:NI)ING HEDIJI kEt4I.Ii'I'I~ 
C1 I< 
1 I L 1 4  . WASTE HEAT AVAII.AII1 I.L'I"i 
5 .  
1 .  ELI:CTHICITY, KW 
2 .  1I.F. STCAM, lb/!!R 
V) w 3. P . F .  STEAU, lb/lfR 
X U  &arc 4 .  L.P. STEAU, lLjIi!t(l':;l(:) 
5. BOILER FEEWATCH, CFtl  
6. COOLING WATER, lGPH 
- 
I'HEPARATlol4 AND 
1 / 1  
2 :' 1 
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APPENDIX LI 
SYSTEM CiIARACTERIZATION 
SYSTEM NOnBER 12 
OtlIT OPERATION NllllllER 20 
AI'l'EN1)IX tc 
SYSTEM CiIARACTERIZATION 
SYSTEM NUMBER 1 2  
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SYSTEM CHARACTERIZATIO( (  
~ M J .  ( . O A R A L I J : L  T l U I N S  
01'1: RAT1 N W S P A R E  
:;YSTEH TOST, m 5 
I A I E  CbF WHEY 
I 1 . V .  STITAM, i l > / l l R  
N . P .  S T V M ,  I I I . ' I ~R( I 'S IC )  
L. r. ST?:kM, l L ~ / I I H I I ' S I G )  
- 











SYSTEM NUMBER 12 
APPENDIX n 
SYSTEM CI~ARACTERI ZATION 
SYSTEM NUMBER 13 
I ~ ~ c l t r c l e s  C o o l v r ,  S o l i c l s  l l i ~ l ~ t l l i n q ,  and Gasifier 













U N I T  OPERATION NUHDER 21 
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DESCRIPTIOt8 GnS (:001,INC. 
REFERENCE/CASE 
NO. OF PARAI.LEL TRAINS 
0PERATINS/SPAUE 
SYSTEM COST, Hn $ 
DATE OF HONEY 
1. CAPACITY, t l l b / l l l t  
2 .  AZH TEMP, OF 
% 3. (;AS TFJ(VEW.tUIE. OY c!2 
4 .  TYPE CASIF IEH 
n 5 .  
1.  011.  6 pARTICUI.A'I'E HI.:WI)VA 
z: 2. PlESSIIYl. VSIC 
c3 111 ,+ :.
vr r. 3 -  
14 a 
n u  4 .  
5. 
1. E1,ECTRICI'rY. KW 
2. l1.P. STEAW, H l h / l l R  ( I 'SJII)  







SYSTEM NUMBER 14 
U N I T  OPERATION NUMBER 2 2  
OGSCRIPTION ACID CAS 
* 
REFERENCE/CASE 
NO. OF PARALLEL TRAINS 
OPERATING/SPARE 
SYSTEM COST, 11l1 5 
IIATE OF HONEY 
1. CAPACITY, FEEDFLOW, lb/l(R 
2 .  ABSORPTION PRESS, PSIG 
I* 
f- W 3 -  I4 S COS/CO REMOVED, WI. 
w >  
,, C ON P E ~ D  
r~ n 4 - SOl.UTIOH lnSSES 
a 5 .  REMOVAL OF H ~ S / ~ V S / C O ~  
I w r l a r  
1. C02 CONTENT L HRWVAL RW) 
fn 
& 2 .  HIM H,S IN AClI) (;AS. X G z  3. ARSOHPTION TFMP, OF 
CI a 
n u  4 -  
5 .  
1. ELECTRICITY, KW 
2 .  H.Y. STEAM, lb/HR (1':;IG 
VI 
1 3. U.P.  S T E M ,  lb/HR (PSI(; 
BOILER FEEDWATER, GPU 
w w  
6. COOLING WATER, CPH 
6/PX 
4 
25 .152  
H i d  7 5  





1 0  3 
MA 
209 ,000 (100 )  
31200 
REMOVAL - SELEXOI. 
6/HX 
4 
30 .773  
H i d  7 5  
1 ,557 ,340  
242  
95/28/74 
840 /10 .@/4522  
17.64 




1 0 / 1  
3 
2 2 . 2 6 3  
M i d  76 





1 0 5  
MA 




6 2 . 7 5 8  
H i d  7 6  
1 ,529 ,610  
335 
99.96/97.46/  




4873 .2  
374 ,700 (100 )  
326, lO O(1S)  
76 ,480  
10 /5  
1 9 . 4 4 1  
M i d  7 6  





1 0 5  
HA 




5 . 4 4 0  
Apr  7 8  






36 ,500 (145 )  
SHEET L O P  4 
UNIT OPLRATIa @UMBER 22 
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APPENDIX B 
SYSTEM CHARACTERIZATION 
S Y S T ~  NVWBER 18 
W I T  OPERATIOI1 NUUBER 36 
DESCRIPTION SULFUR RECOVERY 8n#m S O P  2 
REFERENCE/CASE I/ 1 1.1 2 1/3 114 7/ 2 7/ 1 
NO. OP PARALLEL TRhINS 
OPERATING/SPARB 3/0 3/O 
SYSTEM COST, HM S 14.331 14.895 14.895 21.665 7.708 7.701 
DATE OF WmEY Wid 76 Uid 76 Hid 76 Wid 76 Uid 75 Uid 75- 
1 CAPACITY, LT/DAY SUI.FUH 392 480 409 559 1298 917 
2. Il2B IN FEED, 8 37 44.9 
* 2 4 I 36.4 20.39 22.11 
' zk! 3. Re0 EFFICIENCY 
8 2 4. PrteL R)R INCINERATORS, 
h) I(IIB~U%P 
W 5- STEM PRODUCED, IWhr, PSI ; 44,000/60 39,200/60 
1 - N W  60UR GAS AVA1LABI.E 
& $ 2 - SII1.PclR EMISSION RECUIATI 'WS z s  3 .  
W R  
oa 4. 
5. 
1. ELECTRICITY, KW 542 614 788 1166 386 386 
2. H.P. STEMI Ib/llR 0 0 0 0 0 
In 0 
w 3. U.P. STEM, lb/llR (PSIC, 
r u  0 0 0 0 0 0 
4- L.P. sm-. lb/llR (pslcl 76,928(60) 91,900(60) 302,000(60) 153,700(60) (-44,000) (-39,200) ! $ 5. BOILER FEEDWATER, GPU 
V)& 
162 197 214 323 117 88 
6. COOLING WATER, GPM 0 0 0 0 0 0 
These cost drivers are also desiyn drivers 
APPENDIX B 
SYSTEM CHARlrcrERIZATIorr 
SYSTEM M W E R  18 
Ut11T OPERATICUJ NUMBER 36 
UNIT OPERATIOW NUMBER 37 
MSCRIPTIOY BIOmICAL TREATMENT 
REFEReWCE/CASE I )/I 
NO. OP PARALLEL TRAINS I 
M T E  09 HONEY I Oct 77 
1. CAPMITY, Mlb/llR 1 1,983 
2.  ZERO DISCIURGE REO* 2 
Z Y  3. C U R I P I C A T I W  *I0 
0 4 .  SURFACE MECHANICAL v g  AERATORS 
5 .  
U) 
r. .! 2. POLLUTANT W W V A I .  ReO 
U W  
- 3  "," 3' 
LI a 
u a  4.  
1. ELECTRICITY, KW 
2. H.P. STEAM, lb/llR 
U) 3. n.v. srehn, IWHR 
82  4. L.P. STFM,  lb/HR 5 5 5 .  BOILER FCLOWATER, GPM i t .  
6.  COOLIHG WATER, GPM I N A H 
T l ~ ~ s e  cost drlvclrs are  a l s o  deslgt~ dr ivrrs  
APPENDIX B 
SYSTEM CHARACFERIZATIOn 
SYSTEM NUMBER 9 
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1 4 0 .  OF PARALLEL T R A I N S  
Oi'I:rATlNC/SI'AHE 
1. El.ECTl' I ( : ITY, KW 
2.  H.P. S T t l A M , M I I ~ / l I H  
W 3. n.1.. srenn. MIII/IIH 
:. .J 
18 e 4 .  L. p. s7,1;AN, Mll,/llR 
I .  r.  
1,. t '. 
:- 4. 5 ,  OO1l.t.R C'I:CUiI\TI:R. CPM 
'.. 1. 
:: 6 .  C ~ K ) I . I I I ~ .  WICTCL, cr-n 
r .  
140. TrF PARALLE*. TWAlNS 
orEiurrm;/srnPe 
:.rs+r*c msr. m s 
w. 
.- a 2. ruw WATI:R WIAI.IIY 
u w  .,:.
v, r r  3. 
, l a  
c a n  4 .  I 
- - - - -  
I. tU.:L"TRICITY, KW 
2. H.P. S t W ,  MI I~ /Nr1 lbSI  
n 
u 3. U.P. S W N .  Ib/HR 2 2  ,,#- 4 .  L.1'. S T f W ,  Mll . / l lM~l- :~l  
"%u 
.. u 5 .  B O I I X R  FCLDUAtl:R. CXW 
--> !; 
;; 6 .  C03l.lMC WATCR, CPU 
I /2 . 1 / 1  114 9 1  1 
21.718* 18.(17* 2%. 992  6.893 
M i d  76 M i d  76 Wid 76 Ubd 7 7  
1.170 
R l V E I  
~n.c.olb r'~ .9@0 39. LOU 6 2  
l- I '  I I -41S.n)  1600) t - J I I . 3 1  (LOO) 
I - I h L . h ) I b i t l  d - l l ~ . 7 ) I b O l  l - I7O.B) tbO)  




SYSTEM NUMBER I 
UllIT OPERATION NUMBER n1 
APPENDIX B 
SYSTEM CHARACTERIZATION 
SYSTEM NUMBER 8 
DI::;i'HI I 'T ION YI.IJI: (as TPI.A')'HI:NT - DOURI.E ALKAI.I 
2I:FCHI:?ICE/CASE 2 J 
lIr>. OF P A M L I . E L  T R A I N S  
OIaEPATINC/SPAIIC 2 /0  
SYSTLM COST, HTI $ 11.1 
TMTE OF W Y E Y  I 1917 ! 





SYSTEM STREAH CHAMCTER!ZATION. 
AND RAW MTERIALS 
COAL RECEIVING, STORAGE AND TRANSFER 
COAL PREPARATION AND FEEDING 
GASIFICATION 
6AS COOLING - 
ACID 6AS REMOVAL 
CU4PRESS ION 
SOL1 OS TREATMENT SYSTEM 
TAR-OIL SEPARATION 





COOLING WATER SYSTEM 
INCINERATIOt4 
AIR SEPARATION AND OXIDANT FEEDING 
FINAL SOLIDS DISPOSAL 
BY -PRODUCT STORAGE AND LOAD I NG 
SULFUR STORAGE AND LOAD1 fJG 
STEAM GENERATION 
RAM WATER TREATMENT 
FLUE GAS TREATMENT 
PLANT ELECTRICAL SYSTEM 
BUI LDINGS AND SUPPORT FAC I LI T 1  ES 
CONTROL AND INSTRUtlENTATI OtJ 




MAJOR COMPONENTS C, H, S, 0, N 
SIG. MINOR COMPONENTS ASH, H20 
PRESSURE, PSIG ATMOSPHERIC I 
DESCRIPTION 
DESTINATION 1 UNIT OP. 11 UNIT OP. 81 UNIT OP. 85 1 
C, Ha S, 0 s  N ROCK 
NENT ASH, WATER 
DESCRIPTION 
PRESSURE, PSIG 
A- C- 1 
I U I "  
SYSTEM N-R 11 
WIT OPERATION NUMB~R & 
CW PREPARAn#I MD FEEDIS DESCR~PTION 
t NO. 01 NO. 2 
. DESCRIPTIOM COAL 
ORIGIN UNIT OP. 10 
MAJOR COMPONENTS , C* Hn S, OB !I 
SIG, MINOR COMPONENTS ASH. H20 
AMBIENT 
4 Z TBIPIUrnM, OF I 
n 
PRESSURE, PSIG ATHOSPHERI C ! 
. . 
NO* 1 NO. 2 NO. 3 m. 4 
DESCRIPTION SIZEDCML COALFINES D R Y ~ ~ ‘ W  I I 
DESTINATION UNIT OP. 20 UIIT OP. 84 AlWSHaIC 
w MAJOR COMPONENT C. H. S. 0, N COAL DUST AIR 1 1 . " UY 
P' 
E SIG* MINOR COEPONENT ASH. H20 ASH. H20 C02. H20 
o rr)(PERATURE, OF AMBI EN1 AMBIENT 1 80°F f \  
PRESSURE, PSIG ATMOSPHERIC ATIOSPHERI C ATMOSPHERIC 
. NO. 1 .NO. 2 NO. 3 NO. 4 i i  
L- 1 
DESCRIPTION COAL FINES 
USES UNIT bP. 82 
f :aJOR COMPONENT COAL DUST 1 I E ST=. MINOR COMPONENT AW. H20 
AMBI EN1 i 
I 
TEMPERATURE, OF 
P R H I S U ~ ,  PSIG ATMOSPHERIC 1 
1 
1. .. . ; 1 
2. - 
3. ( 1  3 4. LA 
B 5. 
4 6. i-\ 
3 7. ! ..
C. 11 C. 
* 
A-C-2 
- - - 
APPESDIX C 
SYSTEM STREAM CHARACTS3TZATION AND RAN MATERIALS 
. . 
SYSTEM NUMBER A 
UNIT OPERATION NUMBER ,a, 
DESCRIPTION GASIFICATION- KOPPERS-rOTZEK 
TEMPERATURE, OF AM81 ENT 




4 .  
W 
?3 5. 
5 .  
$ 7. 







N2. A r  
AMB I ENT 
I 5 
NO. 2 
ASH & SLAG 












1 5-1 500  
NO. 3 
STEAM 






NO.. 4 I 
BFU 
UNITOP; 8 5  
F20 
-9- 
2 5 0  
15-1 SO0 
NO* 4 



































S I G .  MINOR COMPONENTS 
d 
TEMPERATURE, OF' 




S I G .  MINOR COMPONENT 
TEMPERATURE, OF 
PRESSURE, P S I G  
DESCRIPTION 
U S E S  
: W O R  COMPONENT 
S I G .  MINOR COMPONENT 

APPENDIX C 
a : I: SYSTEM STREAM CHARACTERIZATION AND RAN MATERIALS 
I SYSTEM NUMBER -lz- 
1 20  
i UNIT OPERATION NUMBER 
DESCRIPTION GASIFICATION - LURGI 
S H E E T  
NO. 3 
STEAM 
U N I T O P .  8 4  
H2° 












U N I T O P .  80 
o2 
N2* A r  
2 0 0  
3 6 0  
NO. 2 
SlAG/ASH 








UNIT OP. 11 
C,  H. S. N, 0 
ASH* H20 




UNIT OP. 21  
H2 .CO.CH4.H2S 
0 1  LS .TAR. PHWOI. 
1 I 00-800 
3 0 0  
NO. 1 . 
I 












3 OP 5 





d .  
5 .  
G. 


















U N I T  OP. 21 
PHENOL, TAR 
HZO, NH3 





O R I G I N  
MAJOR COMPONENTS 
S I G .  MINOR COMPONENTS 
TEMPERATURE, OF 
PRESSURE,  P S I G  
D E S C R I P T I O N  
DESTINATION 
MAJOR COMPONENT 
S I G .  MINOR COMPONENT 
TEMPERATURE, OF 
PRESSURE, P S I G  
DESCRIPTION 
U S E S  
:,lAJOR COMPONEfJT 
S I C .  MINOR COMPONENT 
TEMPERATURE, OF 





SYSTEM S T R E W  CHARACTER1 ZATION AllD RAW MATERIALS 
SYSTEM NUMDER 12 
2 0  UNIT OPERATION NUMBER . . 
















O R I G I N  
MAJOR COLMPONENTS 
S I G .  MINOR COMPONENTS 
TEMPERATURE, OF 




S I C .  MINOR COMPONEXT 
TEMPERATURE, OF 
PRESSURE, P S I G  
DESCRIPTION 
USES 
; W O R  COYiPONENT 





U N I T O P . l l  
C. H, 0. 5, N 
ASH. H20 




UNIT OP. 2 1  
H2sC0,CHq~H20 












U N I T O P . 8 0  
0 2  
N2. A r  
2 0 0  
3 6 0  
NO. 2 
LOCK GAS 
UNIT OP. 21 








U N I T O P . 8 4  
"2O 
--- 
6 5 0  
4 5 0  
NO. 3 
SLAG/ASH 
UNIT  OP. 31 
SLAG 
ASH. H20 
AM8 1 ENT 
ATMOSPHERIC 
NO. 3 




U N I T O P . 2 1  
C .  
PHENOL, TAR 
OIL. NH3, H29  ) 













SYSTEM STREAM CHARACTS3IZATION AtJD H A W  MATERIALS 
SYSTEM NUMBER 12, 
20 U N I T  OPERATION NUHBER 
















2 .  
DESCRI PTI OX 
O R I G I N  
MAJOR COMPONENTS 
S I G .  MINOR COMPONENTS 
TEMPERATURE, OF 




S I G .  MINOR CO3SPONENT 
TEMPERATURE, OF 




SIG. MINOR COMPONENT 
TEMPERATURE, OF 
PRESSURE, P S I G  
NO. 1 
COAL 
UNIT OP. 11  
C, H, 0, s. N 
ASH, H20 





UNIT OP. 21 
to2. H2 












UNIT OP. 80 
0 2  
N2' A r  






































1.. AP?E::PIx C 
i SYSTEM STPJAM CIiARACTESIZATION AND RAW M A T E R I A L S  
4 SYSTEM NUMBER 14 
c U N I T  OPERATION NUNBER 2 2 
D E S C R I P T I O N  A C I D  GAS REt*lOVAL - SELEXOL 
SHEET 1 'OF 4 
-- - - 
I 
+ 
NO. 1 NO. 2 NO. 3 NO. 4 . 
D E S C R I P T I O N  RAW GAS 
O R I G I N  UNIT  OP. 2 1  
MAJOR COMPONENTS H2 9C01C02 9H20 
G7 
SIG. MINOR COMPONENTS H$. Cop, HC!l 
E TEMPERATURE, OF 100-1 5 0  Fi 
., PRESSURE, P S I G  300-700 
NO. 1 NO. 2 NO. 3 NO. 4 
D E S C R I P T I O N  SWEET GAS ACID GAS PURGE H20 
D E S T I N A T I O N  UNIT  OP. 2 3  UNIT  OP. 36 U N I T  OP, 33 
MAJOR COMPONENT H29 COs Cop H2S, COS 
3 
S I G .  MINOR COMPONEKT CH4 C029 H20 SOLVENT 
TEMI?ERATURE, OF 100-1 5 0  150 -200  150-200  
P R E S S U R E ,  P S I G  300-700 1 0  ATMOSPHERIC , 
NO. 1 NO. 2 '  NO. 3 NO. 4 
D E S C R I P T I O N  c.9 
5 U S E S  
3 
;dAJOR COMPONENT 2 
a S I G .  MINOR COMPONENT 
I 
TEMPERATURE, OF a 








1. DIMETHYL ETHER OF POLYETHYLENE GLYCOL 
2 .  
3. 







SYSTEM STRE.9M CHARACTER1 ZATION AND RAW 14ATERIALS 
14, SYSTEM NUMBER 
2 2  U N I T O P E R A T I O N N U K B E R  ,-> 
I I 1 ANTHRAQUINONE DISULFURIC ACID 2 . VANADIUM PENTOXIDE 1 
- 
ACID GAS REMOVAL - STRETFORD # - DCSCRIPTION 
_ _ _ _  2 OF - 4 
NO. 4 h .. 4 



















U N I T  OP* 33 
SOLVENT 
TH I OCYANATE 
1 5 0 - 3 0 0  
10 
NO. 3 
3. ETHLYENE DIAMINE TETRA ACETIC ACID 
4 .  SODIUM CARBONATE 
5. SODIUM BICARBONATE 
ij . IRON SALTS 
NO. 2 
A I R  
BATTERY L I t l I T  
0 2  , N2 
--- 












UNIT  OP. 2 1  
H2 ,COsC02 ,H20 
HZ$, COS, CH4 
1 2 0  
1 5 - 1  7 
NO. 1 
SWEET GAS 
U N I T  OP. 2 3  
H2 ,C08C02 ,H20 
CH4 
1 2 0  





- - - 



















D E S C R I P T I O N  
O R I G I N  
M.4JOR COMPONENTS 
SIG. l I N O R  COMPONENTS 
TEMPERATURE, OF 
PRESSURE,  P S I G  
D E S C R I P T I O N  
DESTINATION 
MAJOR COMPONENT 
S I C .  MINOR COMPONENT 
TEMPERATURE, OF 
P R E S S U R E ,  P S I G  
D E S C R I P T I O N  
U S E S  
14,AJOR COMPONENT 
S I G .  MINOR COMPONENT 
TEMPEPATURE, OF 
P R E S S U R E .  PSIG 
APPENDIX C 
SYSTEM S T R E M I  CHARACTER1 ZATION AND RAW lUiTERIALS 
SYSTEM NUMBER AA- 
U N I T  OPERATION NUMBER &, 
D E S C R I P T I O N  ACID GAS REMOVAL - RECTISOL 
i 
t 

















U N I T  OP. 2 1  
H2 .C0,C02 .HZO 
HZSs  COS, NHg 
80-1 00 
3 0 0  
NO. 1 
SWEET GAS 
UNIT. 0 P .  23 






2 .  REFRIGERANT (FREON, AMMONIA, PROPYLENI:) 
3 .  
4 .  
5. 
G. 
7 .  
* 
u. 
D E S C R I P T I O N  
O R I G I N  
MAJOR COMPONENTS 
S I G .  MINOR CObIPONENTS 
TEMPERATURE, OF 
P R E S S U R E ,  P S I G  
-- 
D E S C R I P T I O N  
D E S T I N A T I O N  
EIAJOR COMPONENT 
S I G .  MINOR CObSPONENT 
TElYPERATURE, OF 
P R E S S U R E ,  F S I G  
D E S C R I P T I O N  
U S E S  
;4.AJOR CONPONENT 
SIG. MINOR COblPONENT 
TEMPERATURE, OF 
P R E S S U R E ,  P S I G  
# NO. 2 I 
NO. 2 
ACID GAS 
U N I T  OP. 3 6  
H2S9 CgS. 
t o Z *  H20  
NO. 2 
A-C-11 

















NO.  3 
PROCESS COND 





SYSTEM STREMI CHARACTERIZATION AND RAt? MATERIALS 
SYSTEM NUhBER A 
UNIT OPERATION NUMBER 2 2  
DZSCRIPTION ACID GAS REMOVAL - BENFIELD 
'SHEET 4  OF^ 4NO. 2 NO. 3 . . NO. 4 . A I 
DESCRIPTION CRUDE GAS 
ORIGIN UNIT OP. 2 1  f '  
- - 
MAJOR COMPONENTS H2 sC0,CC2 sH20 
G3 
" S I C .  MINOR COhSPONENTE H2S, OIL ,  NH3 
3 I 
k TEWERATURE, OF 
CI 
200 
. PRESSURE, PSIG 270-650 
NO. 1 NC. 2 NO. 3 NO. 4 ( I  
DESCR.IPTION SWEET GAS ACID GAS 
DESTINATION UNIT OP. 2 3  
ul 
UNIT OP. 36 
. - 
b IWJOR COMPONENT 
3 p2 sCOsCO2 ,H20 H2S9 COS 
S I G .  MINOR COMPONENT CH4, H2S Cop, H20 
03 TEMPERATURE, OF' 2 
PRESSURE, PSIG 




IIAJOR COhiPONENT t 




1. POTASS I UM CARBONATE 
2 .  ACTIVATOR 
V) 
d 3 .  
4 






2 .  
i 
A-C-12 i 
. - - - - -* -- 
- -  - - -  
A P P E S 3 I S  C 
SYSTEM STREAN CIIARACTE2I ZATION ALVD RAW &LATERIALS 
SYSTEM NUMBER Ih 
UNIT OPERATION NUNBER 23 
DESCRIPTION COMPRESSION 
SHEET ---_ 1 OF - 1 
r NO. 1 NO. 2 NO. 3 .NO. 4 
DESCRIPTION SWEET GAS 
ORIGIN U N I T  OP. 22 
MAJOR COMPONENTS 
t'] 
H2. COs C02 
S I C .  MINOR COMPONENTS H20, H2S 
a 
z TElQEPATURE, OF 100-200 
H 
PRESSURE, P S I G  15-300 
i 
I NO. 1 NO. 2 NO. 3 NO. 4 
. 
DESCRIPTION SALES GAS 
DESTINATION BATTERY L 1111 T 
V] 
r( MAJOR COIWONENT H2¶ C O B  C02 
3 
& S I G .  MINOR COMPONENT H209 H2S 
TEMPERATURE, OF 100-150 
PRESSURE, P S I G  600 




;IAJOR COIXPONENT 2 
c( S I G .  MINOR COMPONENT . . 
1 
* TEMPERATURE, OF 
El 
PRESSURE, P S I G  
s 
1. 








SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS 




U N I T  OPERATION NUMBER 31 
SOLIDS TREAl?lENT SYSTEM . DESCRX PTXON 
DESCRIPTION SLAWASH BIO.  SLUDGE LIME SLUDGE BLOWDOWNS . 
U N I T O P .  20 U N I T O P .  37 U N I T O P .  8 5  U N I T O P . 8 4 , 3  
1 
MAJOR COMPONENTS BIO.  SOLIDS CaC03.MgC03 Ca,  Mg, H20 
PRESSURE, PSIG ATMOSPHERIC ATMOSPHERIC AlM0SPHERI.C ATMOSPHERIC 
NO. 1 NO. 2 NO. 3 140. 4 
DESCRIPTION DEWATERED SLDS , TREAT. WATER , 




PRESSURE, PSIG C 
1. DEWATERING AIDS 




SYSTEM STREMI CHARACTE3IZATION AND RAt? MATERIALS 
SYSTEM NUMBER A 
UNIT OPERATION NUMBER 32, 
DCSCRXPTION 'TAR-01 L SEPARATION 
NO. 1 I NO. 2 
SHEET 1 OF 1 
-- 9- i 
NO. 3 NO. 4 
SOUR WATER 




2 0 0  
NO. 2 
PHENOL, H20 




























2 .  
3 .  
4 .  
5 .  
5 .  
7. 










UNIT OP. 2 1  





TAR, O I L  
UNIT OP. 82,33 
OILS, TAR 














TAR, O I L  
COMBUSTION 












SYSTEM STREW CHAIWCTERIZATIOX AND RAN MATERIALS 
SYSTEM NUMBER A. 
3 3 UNIT ,OPERATION NUMBER ,- i ' 
SULFURIC ACID 
SODIUM HYDROXIDE 







SOLID TRT H2( 
UNIT OP. 31 
H20. H2S 
SOL IDS 









1'  OF 1 I 






NO. 4 i 
I 
1 





UNIT OP. 20,21 
HZ& H2S 





































i SYSTEM STREMI CHARACTERIXATIOX AKD RAW MATERIALS 
t 
SYSTEM NUXBER A .  
34 . UNIT OPERATION NUMBER - L 
DESCRIPTION PHENOL RECOVERY I 








2 .  
3. 
4 .  
5 .  
5 .  
NO. 2 
STEAM 
UNIT  OP, 84 
H2° 
--- 
4 0 0  
2 5 0  
NO. 2 
CRUDE PHENOL 
UNIT  OP. 84 
PHENOL 
H2° 
100 -200  









U N I T  OP. 21  
PHENOL. H20 















AMB I ENT 

















O R I G I N  
MAJOR COMPONENTS 
S I G .  MINOR COMPONENTS 
TEhPERATURE, OF 




S I G .  MINOR COMPONENT 
TEMPEFGiTURE, OF 




S I G .  MINOR COMPONENT 
TEMPERATURE, OF 
PRESSURE, P S I G  
- -- 





SYSTEM STREAM CHAIUCTERIZATIOLV AlfD RAW MATERIALS 
\ 
SYSTEM NUMBER JL 
U N I T  OPERATION NUEBER 35 . 
DESCRIPTION .AMMONIA RECOVERY I j
S H E E T  1 OF 1 t 
-- - 
NO. 1 NO. 2 NO. 3 NO. 4 -.A i 
D E S C R I P T I O N  NH3 FEED STEAM 




NH3. C02 H2° 
. t 
3 S I G .  MINOR COWONENTI H2S, PHENOL - 
3 
E TEMPERATURE, OF --- 600 / 2 
PRESSURE,  PSIG ..- 550 
II 
NO. 1 NO. 2 NO. 3 NO.  4 
D E S C R I P T I O N  STRIPPER BEIS SOUR GAS t 
DESTINATION UNIT OP. 39,37 UNIT  OP. 3 6  
U3 MAJOR COMPONENT 
3 "2O H2S 
S I C .  MINOR COWCNENT NH3. H2S 
5 TE,EMTU,, OF 100-200 NH3 100-200 
I 
PRESSURE,  P S I G  --- -- - 
NO. 1 NO. 2 NO. 3 rro. 4 I 
~2 D E S C R I P T I O N  AMMONIA 
U S E S  SALES 
3 
NH3 :iIAJOR COMPONENT 1 
% S I G .  MINOR COMPONENT H20 
I 
$ TEMPERATURE, OF AM01 ENT 
PRESSURE,  P S I  G --- * 
APPENDIX C 
SYSTEM STREAM CHARACTERIZATION AND RAN MATERIALS 
a SYSTEM NUMBER 
UNIT OPERATION NUMBER 36 



















































1. CLAUS UNIT CATALYST 
2 .  BEAUON UNIT CATALYST 
3. 
4 ,  
5 .  
























S I C .  MINOR COMPONENTC 
TEMPERATURE, OF 














SYSTEM STREMI CHARACTERXXATION ASD R A N  MATERIALS 
SYSTEM NUMBER 
U N I T  OPERATION NUEiBER 37, 1 
BIOLOGICAL TREATMENT ' DESCRIPTION * -  I 
OF 1 
NO. 4 - I  / 
O ILY WATER , ' 
U N I T O P .  21,3 
HZO, ASH, H2S 
PCNOL,  O I L  ' I 
AMB I ENT 
ATMOSPHERIC 






U N I T O P .  35 
H2° 








U N I T O P .  33 
"2O 













NO. 1 . 
SANITARY WASTE 
BATTERY L I M I T  
SEWAGE 
H20 
AM8 I EN1 
AnlOSPHER I C 
NO. 1 
B I O  SLUDGE 
UNIT OP. 31 
SOLIDS 
H20 













O R 1  G I N  
MAJOR COMPONENTS 
S I G .  MINOR COMPONENTE 
TEMPERATURE, OF 




S I G ,  MINOR COMPONENT 
TEMPERATURE, Of 

















S I G .  MINOR COMPOKENT 
TESPERATURE, OF 
PRESSURE,  P S I G  
1. SULFURIC ACID 
2 .  SODIUM HYDROXIDE 
3. PHOSPHORIC ACID 




2 .  
I 
a 
I A- C-20 
APPE:!DIX C 
SYSTEM STREW CSAIMCTERIZATION AND RRIg MATERIALS 
1. SULFURIC ACID 
2. CHLORINE 
2 .  ALCECIDES 
4 
4 .  POLYPHOSPHATES 
W 5 .  ZINC INHIBIiOR 








SYSTEN STREAM CHARACTERIZATXON AND MI' ANATERIALS 
SYSTEM NUNBER a 
UNIT OPEIUTION NUMBER 41 
DESCRIPTION INCI IiERATION 
APPEXDIX C 
SYSTEM STREAY CHARACTE2IXATION At?D RAl? MATERIALS 
SYSTEM NUMBER - 17 
8 0  U N I T  OPERATION NUNBER 
DESCRIPTION AIR SEPARATI0:l b OXIDANT FEEDING 
S H E E T  1 OF 1 
-- - - 
C- 
J 
E?O. i NO. 2 NO. 3 NO. 4 
DESCRIPTION A1 R 
O R I G I N  BATTERY LIMIT 
MAJOR COMPONENTS 02s 1 2  
G') 
5 S I G ,  MINOR COlSONENTS A r  
z AMB I ENT z TEMPERATURE, OF .i ' 
n 
PRESSURE, P S I G  ATMOSPHERIC 
I, 
NO. 1 NO. 2 NO. 3 NO,  4 
DESCRIPTION OXYGEN NITROGEN 
DESTINATION UNIT  OP. 20 '!ARI OUS 
c42 
a MAJOR COMPONENT O2 N2 
3 
S I G .  MINOR COMPOBENT N2, A r  029  A r  
3 TEMPERATURE, OF 100 t o  -298 1 0 0  t o  - 3 2 0  
PRESSURE, P S I G  15-675 0 - 1 0 0  
. 




o U S E S  SPECIALTY SALE! 
3 
IIAJOR COMPONENT 0 A r  
f: 
E S I G .  MINOR COblPONENT N p  
I 
* TEMPERATURE, OF 
13 AMBIENT 
I R E S S U R E ,  P S I G  AS REQUIRED 
I 
1 1. b1OLECULAR SIEVES 1 1 2 .  I 
APPENDIX C ! 
SYSTEM STREMS CHAMCTERIZATIOS AND RAN MATERIALS 
i 
SYSTEM NUMBER - 3 
8i U N I T  OPERATION NUhlBER \ I 












SHEET 1 OF 1 
NO. 1 
WASTE SOLIDS 
UNIT 0P. 31 







O R I G I N  
MAJOR COMPONENTS 
S I G .  MINOR COEIPONENTO 
TEMPERATURE, OF 
PRESSURE,  P S I G  
D E S C R I P T I O N  
DESTINATION 
i.'.AJOR COKPONENT 
S I G .  MINOR COMPONENT 
TENPERATURE, OF 
PRESSURE P S I G  















N .  2 
NO. 2 
---- - 
I NO. 4 
NO. 4 
N O .  4 
1. FIXATION C H E ! ~ ~ A ~ A L S  
2 ,  
3. 
4 .  
5. 
5 -  
- 








SIG. MINOR COMPONENT 
TEMPEK9TUREt O3 
PRESSURE,  P S I G  
APPE:;3Ix C 





UNIT OPERATION NUElBER 8 7  
DESCRIPTION 
i SHEET 1 OF 1 
-- - - 
DESCRIPTION CRUDE PHENOL At*lMONIA TAR COAL FINES 
ORIGIN U N I T O P .  34 U N I T O P . 3 5  U N I T O P . 3 2  U N I T O P . l l  
MAJt L JMPONENTS 
C') 
SIC JNOR CObIPONENTS H20 3 r 
z TEMPERATURE, OF 
n 
PRESSURE, PSIG ATMOSPHERIC REQUIRED ATMOSPHERIC ATHOSPHERIC 
- 
DESCRIPTION CRUOE PHE?IOL AMMONIA 
DESTINATION 
TEMPERATURE. OF 




;IAJOR COMFONEiJT 2 




1. NATURAL GAS 
I 2 .  
A- C-25 
SYSTEM STREAM CHAWCTERIZATION AVD RAI? MATERIALS I ,  
SYSTEM NUMBER dl- I ; 
8 3  UBIT OPERATION NUKBER ,-, 1 
1 - 






















SHEET 1 OF 1 
-- 
NO. 1 NO. 2 NO. 3 NO. 4 
DESCRIPTION SULFUR 
ORIGIN U N I T  OP. 36 
MAJOR COMPONENTS SULFUR 
SIC- MINOR COMPONENTS H2S 
TEMPERATURE, OF 280 -320  
PRESSURE, PSIG ATMOSPHERIC 
NO. 1 NO. 2 NO. 3 NO. 4 
DESCRJPTION SULFUR VEMT GAS 
DESTINATION BATTERY i I t : I T  U N I T  OP. .41 
MAJOR COMPONENT SULFUR 02' "47 
SIG. MINOR COirlP0h'E;NT --- 
280 -320  TEMPERATURE, OF 2 8 0 - 3 2 0  
PRESSURE, PSIG ATMOSPHERIC ATMOSPHERIC 
NO. 1 NO. 2 NO. 3 EJO. 4 
DESCRIPTION SULFUR 
USES SALES 
;*IAJOR CONPONENT SULFUR 
SIG. MINOR CONPONENT --- 
TEMPERATURE, OF 2 8 0 - 3 2 0  
PRESSURE, PSIG ATI.IOSPHER I C 
1. 
2 .  
3 .  
4 .  I 
5 .  
5 .  I 




SYSTEM STREAM CHAIMCTERIZP.TION AXD RAW MATERIALS 
SYSTEM NUMBER 8 - 
APPENDIX C 
SYSTEM STREAN ClIAiUCTERIZATION AXD RAF! MATERIALS 
SYSTEM NUMBER - 7 
UI 
'Dl 
8 5 I T  OPERATION NUMBER 
S C R I P T I O N  RAW WATER TREATMEFJT . , 
S H E E T  
D E S C R I P T I O N  
NO. 1 
RIVER WATER 
O R I G I N  I BATTERY L I M I T  I 
EiAJOR COMPONENTS I H20,Q2 ,SOLIDS I 
NO. 2 
SIG. MINOR COMPONENTS 
TEMPERATURE, OF 
PRESSURE,  P S I G  
NO. 3 
IRON, S I L I C A  
AMB I ENT 
30-1  00 
NO. 4 
L I M E  SLUDGE 
U N I T  OP. 31 
NO. 1 
FILTERED H20 D E S C R I P T I O N  
DESTINATION I BATTERY L I M I T  U N I T  OFJ. 84 I 
NO. 2 
BFW 
MAJOR COMPONENT I Hzo I I H20, SOLIDS 
NO. 3 
REGEN WASTE 
Ca (OH) *, MgGI 
MINERAL SALT S I G .  MINOR COMPONENT 
TEMPERATURE, OF 
DISS. SOLIDS 
AMBIENT M l B I  ENT 
2 - 1 0  
NO. 3 
P R E S S U R E ,  PSIG 
1 
D E S C R I P T I O N  
U S E S  
:tlAJGR COAWONENT 
, S I G .  MINOR COMPONENT I I I 
30-1  00 
NO. 1 
TEMPERATURE, OF 
P R E S S U R E ,  P S I G  C 
400-1  5 0 0  
NO. 2 
SULFURLL ACID, SODIUM HYDROXIDE 
LIME, ALUM, CHLORINE 
POLY ELECTROLYTE 
NaC1, F e C l  
ION EXCHANGE RESIN 
REVERSE OSMOSI s L ULTRAFILTRATION 
COAGULANT A IDS  
F I L T E R  SAND, ACTIVATED CARBON 
E L E I ~ E N T  
APPES31X C 
SYSTEM STREAN CHARACTE3f ZATI ON .4ND RAW MATERIALS 
SYSTEM NUNBER 8 
86 UNIT OPERATION NUYiBER .-> 
DESCRIPTION FLUE GAS TREATMENT 
SHEET 1 OF 1 
--. -- 








UNIT OP. 84 
SO2 ,to2 ,H20 
N 2 . 0 2 d 2 S  





S I G .  MINOR COMPONENTS 
TEMPERATURE, OF 














m J O R  COMPONENT 





















U N I T O P .  33 
SODIUM SALT 
--- 















U N I T O P .  8 1  
SODIUM SALT 
CALCIUM SALT 
7 0 - 1 1 0  
ATMOSPHER!C 
NO. 2 
1. L I M E  
2 .  SODIUM CARBONATE 
3. 
4 .  
5 .  
5 .  
7 .  
1 
w .  
3 
- --- - ------ --T ---  - - 7 -- - -..------- - -- 
- ---- -"- - 
APPENDIX C cl 
SYSTEM S T R E M l  CHARACTERIZATION AND RAW MATERIALS C i 
t 
* 4 
SYSTEM NUMBER A 
U N I T  OPERATION NUMBER ,LJ 
PLANT ELECTRICAL SYSTEM 
I! * * 
DESCRX P T I  ON 
# 












NO. 1 NO. 2 NO. 3 NO. 4 
DESCRIPTION 
O R I G I N  NO PROCESS RELATED DATA I 
MAJOR COMPONENTS 
S I G .  MINOR COMPONENTS 
TEMPERATURE, OF 
PRESSURE,  P S I G  




S I G .  MINOR COiJlPONENT 
TEMPERATURE, OF 
PRESSURE,  P S I G  
NO. 1 NO. 2 NO. 3 NO. 4 
I 
DESCRIPTION 
U S E S  











S I G .  MINOR COMPONENT 
TEMPERATURE, OF 
PRESSURE,  P S I G  
1. 
2 .  
3. 
4 .  I 
5. 
5 .  
7. 
9 




SYSTEM STREAEI CHARACTER1 ZATIO?? AND RAl? MATERIALS 
SYSTEM NUNBER 1 - I 
U N I T  OPERATION NUMBER 88, 
DESCRIPTION BUILDINGS & SUPPORT FACILITIES 
b 
S H E E T  _ _  
NO. 1 NO. 2 NO. 3 
DESCRIPTION POTABLE H20 
O R I G I N  UNIT OP. 85 
MAJOR COMPONENTS 
t'] "2O 
SIC. MINOR COMPOHENTS CHLORINE 
TEMPERATURE, OF AMBIENT z 
PRESSURE, P S I G  0-20 
-- 
7 
NO. 1 NO. 2 NO. 3 
DES CRIPTION INST. A I R  SAN. WASTES 
DESTINATION BATTERY LIMIT UNIT OP. 37 
m MAJOR COMPONENT AIR WASTES 
3 
S I G .  MINOR COMPONENT - - 0 --- :* 
8 TEMPERATURE, OF l o o  AMB I E~IT 
PRESSUFZ,  P S I G  125 ATMOSPHERIC 
NO. 1 NO. 2 NO. 3 
D DESCRIPTIOi4  
E USES 
3 
;*IAJOR COMPONEYT 2 
G S I G .  MINOR COMPONENT 
I 
* TEMPERATURE, OF 
EI 




4 3 .  
4 
2 d *  
W 
B 5 .  
5 5 .  




x ., - ,a- < .  








SUMMARY OF FACILITY RELATED COSTS 
CASE 1 2  3 4  
COAL PEED, TON/mY 1 9 , 6 8 0  2 0 , 2 7 0  2 0 , 0 0 0  
2 2 , 7 8 3  
TOTAL INSTALLED CAPITAL 
( T I C )  MM DOLLARS 8 1 0 . 7 3 6  907 .566  8 6 7 . 2 5 7  1 , 0 6 7 . 8 7 0  
DATE OP MONEY Yid-76 Mid- 76 Mid-76 Mid-76 
I I 
OPERATING LABOR 
MAEiHOUS/MANPOIJER /204 /209. 
MM W U A R S / Y R  4 . 6 6 7  4 . 8 7 3  4 . 7 8 2  S , 1 7 1  
OPERATIXG MTERXRLS 
2 ht?NUAL USAGE 
6 MM DOLLARS/YR 1 9 . 6 5 0  33 .193  1 7 . 5 0 0  3 4 . 6 3 9  ;16. 
a I N I T Y L  CHARGE SU 
3 Wl DOLLhRS 3. L90 4 . 7 8 6  3 . 3 7 5  6 . 0 1 5  
1 I UTILITY COSTS 1 I I 
HM WLLARS/YR 1 2 . 9 4 5  1 4 . 2 4 3  1 3 . 7 4 6  1 6 . 5 1 4 1  
V ) ,  
s 
8 MAfNTENANCE MATERIALS 
w Mn WLLARS/YR 1 7 . 4 0 8  1 9 . 0 2 8  1 8 . 4 9 9  2 2 . 0 5 8  
U 
9 .  
z 
U LABOR TO MhTER1;U. 43/'S0 43,'57 43/57  43.,5- 
iNOTE 1 )  z - 
2. TOT= ?UINIE?!ANCE 
,* W U A R S i Y R  3 0 . 3 5 3  3 3 . 2 7 1  32 .245  3 8 . 6 1 2  
;JOTES: ( 1 )  L/.r. Ratio war 5C,'50 for r o w  units: others wera 40/60. 
L/:$ shown :s calculated. 
APPENDIX D 
S O W R Y  OF FACILITY RELATED COSTS 
OPE RATIONS W D  hlAf NTENANCE 
SHEET 1 OF 2 
I I I I 
RE?'smNCE EPRI AF-416 1 2 1 2 1 2 1  2 I  
CASS 
COAL FEED, TON/DAY 12,000 12tOOO 12,000 12,900 
TOTAL INSTALLED CAPITAL 
(TTcr MM WLLARS 
PATE OF MONEY I Hid-7s I Mid-75 I Mid-75 1 -  Mid-73 1 
I OPERATING LABOR I I I I 
0.548 0.367 0.500 0.335 
' INITIAL CHARGE 
u v a  
P ~ M M D O L L A R S  3.916 2.622 3.550 2.392 
0 
I 























Mn D O L W / Y  R 






42 3 8  
7.895 
11.905 
42 5 8  
SUMMARY O t  F A C I L I T Y  RELATED COSTS 
OPERATIONS AND .WfNTENAVCE 
SHEET 2 O t  2  
1 DATE OF MOSEY I Mid-15 (  id-75 I Mid-75 I Mid-75 
COAL F E t C ,  TON/DAY 
TOTAL INSTALLED CAPITAL 





M U U  USAGE 
ctr 
PlEI DOL&ARS/YR 0 . 3 2 8  3 . 3 1 6  0 . 2 4 3  0 . 3 4 3  $3 
re I N I T I A L  CXARGE 
ua 
f Inn 2. 341 2 . 2 4  2 . 4 4 9  2 . 4 4 9  
2 
EXL 
1 2 , 0 0 0  
4 0 7 . 2 1 6  
.MINTENANC& LABOR 
!u\NHCURS/WtUPOWER 
PM M)L~ARS/YR 7 .72:  7 . 4 3 7  8 . 3 8 2  s .  s e o  
W N T E N A N C E  MATERIALS 
MZI DOLLARSl'Y R 1 3 . 7 7 1  19. 3 6 1  1 1 . 2 6 6  1 1 . 2 6 0  
2 
WH 
WZRLNCE t P R r  AF-416 
CASE 
W C R  TO YATLRIAL RATIO I 42, '58  I 42 ' 5  6 I 4: ' 5 8  I ; 2 , ' 5 8  
2  
H9L 
1 2 , 0 0 0  
3 9 1 . 9 6 1  
TOTAL .C(AINTENANCC 
m DOLLARS/YR 
1 2 , 0 0 0  
4 2 5 . 9 5 1  
1 2 , 0 0 0  
4 2 5 . 8 5 2  
SUPPURY OF TACXLXm =-TED COSTS 
OPERATIONS AND IUhZSTENASCE 
S H m  - 1 O l  1 
b 
~ F ~ ~ N ~  PE-2447-13 . 3 3 3 3 
c u t  1 1-A 1-B 1-c 
C O G  PESD, TOIS/DAY 27,3OC 27,309 27,400 27,300 
TOTU INSTAUED W X T A L  
(TIC) MH DOLLARS 1,084 99 1 i,242 1,050 
DATE OF HCt!OY Oct 77 Oct  77 Oct 7 7  Oct 77 
.I 
CPtRATrNC LABOR 
~ H O U R 8 / ~ P O W & ' A  n61 /241 , A 3 7  AS9  
MM DOUiVIS/YR 6.9 6 .9  6 .9  6 .9  
OPEUTING MATERZALS 
MM DOLLARS/YR 1.7 1.7 1.7 l.? 
2' 
8 ~ A r J N U U U S W  
c.0 2 DOLWRS/YR 5.160 4. GOO 6 .300  5.140 d?fL 
f INITIAL CHARGE 4 
W U P  
8 2 MH DOLLARS 6.000 6 . 0 0 0  8.OCO 6 .  OO!! 
UTXLJTY CSSTS 
PIM WLWRS/YR 1 .4  1.4 1.1 1.1 
I 
MAZNTENADICZ LABOR 
W I O U R S / Y i P O W E R  
m WLLARS/YR 2 9 . 5 2  I , 2 9 . 5 2  2 9 . 5 2  2 9 . 5 2  
V ) ,  
I- - - 
, t WUTENAuCE M&?ERIAW $ MM DOLLARS/YP 19.68 19.68 
Z 
1 9 . 6 8  1 9 . 6 8  
u 
f 
2 , WSbR T3 IXATLRXAL M Z I O  60 ( ' P O  63/40 F O i 4 ?  
Z 
65 .'10 
I- ; mu ,INTEN,
WUARS/YR 49.2 4 9 . 2  4 9 . 2  49 .2  
A 
APPENDIX D 
SUMNARY OF FACILITY RELATED COSTS 
OPERATIONS A??D XAINTENANCE 
K-T BCW CASE 
CoAt PEEC, TON/wX 3,400 NO COST 
TOTAL INSTALLED CAPITAL DATA 
(TIC) HM DOLLARS 173.2 
DATE OF MONEY 4th Q ~ t t e  
76 I 1 '  
I I I 1 I 
OPERATING LABOR 
HANXOURS/MANPOWER 169,128/ 
MM DOLLARS/YR 1.285 
I I OPERATING MfkTERIALS I I I I I 
MAINTENANCE LABOR 
MAblXOURS/MANPOWER 
MI4 DOUARS/YR 2.598 
- 
MAINTENANCE MATERIALS 
LABOR TO MATERIAL RATIO 50/50 
?5 
3 TOTAL MAINTENANCE I 
APPENDIX D 
SUMMARY OF FACILITY RELATED COSTS 
OPERATIONS AND MAINTBNANCE 
SHEET 1 OF 2 
I I I 
REFERENCE EPRI AF-642 1 5 5 5 
CASE H A 0  MXSC W C  EXHC 
coiu m B D  TON/DAY 10,000 10,000 10,000 10 000 
I TOTAL I N S T U D  CAPITAL (TIC) MEI DOLLARS I 588.721 ( 166.630 1 542.122 1 143.800 
DATE OF MONEY Wd-76 Mid-76 Mid-76 Mid- 76 
OPERATING LABOR 
.t 
M DOLWIRS/YR 1 1.613 2. e84  2.590 2.692 
OPERATING HATERIALS 
1 MAINTENANCE MATERIALS W MM W?JIARS/YR 12.132 11.370 11.296 10.934 I p 
L M O R  TO MATERIAL RATIO B 40/60 40 /60 40160 40,'60 
z 
?: ' TOTAL IYLINTLNWCE 
APPENDIX D 
SUMWRY OP FACILITY RELATED COSTS 
OPERATIONS W D  NAINTENANCE 
s RGFERENC~ EPRI AP-642 S S 
CASE mLc EXTC PXTC 
COAL FEED* TON/MY 10,000 10, 000 10,000 
TOTAL INSTALLED CAPITAL 
(TIC) MH DOLLARS 68S.133 619.410 639.632 





SUMMARY OF FAcrLrrn RELATED COSTS 
OPERATIONS AND MINTENANCE 
SHEET 1 OF 2 
REFERENCE EPRI AP-244 6 6 6 6 
CASE WA MX FA PX 
r 
COAL FEED, TON/MY 10,000 10,ooo l0,OOO 1 0 , 0 0 0  
TOTAL INSTALLED CAPITAL 
(TIC) MM DO- 334.905 408 .758  2 5 8 . 5 3 1  252 .289  






u n~ DOLLARS/YR 
X s 
& LAB;)R TO MATERIAL RATIO 42/58 42/58 42/58 42/58 
E 
d TOTAL MAINTENAYCE 




6 : " 
S U W Y  OF FACILITY RELATED COSTS 
' OPERATIONE AND MINTENANCE 
I I I I 
TOTAL INSTALLED CAPIT- 1 (TIC) M W L W U I  ( 202.767 ( 209.729 I I I 
CASE 
COAL PEED, TONDAY . 
OPERATING LABOR 
M ~ ~ o u R s / W P O ~ R  I 
EAL 
10 ,000 












OPERATING MATERIM 1 
3.244 3.171 

















LABOR TO MATERIAL RATIO 













SUt@lARY OF FACILITY RELATED COSTS 
I 
L O L  


















91,  TOO/ 
0.1336 



















RIEPtRENCE EPRI AF-531 
CASE 
COAL F S E D ,  TO#/MY 
TOTAL INSTALLED CAPITAL 
(TIC) MH DOLLARS 
DATE OP HONEY 





' nnx-ma *rmuus 
MH WLLARS/YR 
' 















r d  
53  $8 
8: 
ANNUAL USAGE 





SUMMARY OF FACILITY RELATED COSTS 
NOTES: (1)  IncluCos Sw 231.310 for coal mine 
( 2 )  887 for coal mino 
3 3 0 8  for coal mino 
OPERATIONS M D  NkIHmANCE 
SHEET 1 OF 1 
iSj Jbj280 x 106g/yr for cob1 mine 
5 $19.612 x 10 /yr for coal mine equipmmt operation included in 
Maintenance Materials 
REFERENCE FE 1175-13 
CASE 
COAL PEED, TON/DAy 
TOTAL INSTALLLD CAPITAL 
(TIC) W ~ S  (NOTE 1) 
DATE OF HONEY 
8 
BAS. 
4 3 , 7 0 0  
1 , 8 6 6 . s 4 7  
Mid 77 
OPERATING LABOR 
NOTES: 1 t n c l u d a s  S u p e r v i 8 i o a  
I 





H i d  7 7  
/6 2 
0 .965 
0 .290  












H i d  7 1  
A S  
0 .545  
0 .165 
0 .830  
0 .364  
RSF'ERENCE FE 1775-18 
CASE 
COAL FESD c TON/DAY 
TOTAL TNSTULED CAPITAL 
(TIC) KM WUAR8 


























W W W / Y R  
LAWR M MTER'& RATIO 













SUMNARY OF FACILITY RELATED COSTS 
1 4 CASE 
COAL ?ESD, 'MN/mY 10,000 13 r000 
I TOTAL INSTALLED W I T &  ( T I C )  ED( DO- 1 634.622 ( 669.223 1 632.511 1 
DATE OF MONEY Mid 76 Mid 76 
1 
I ( UTILITY COSTS I I I I I 
WBOURLI/MANPOWLR 
MI4 DOLLWS/YR 6.487 6.748 6.480 
E 
8 mnrmwa NAT~RIALS 
la DOLWUIS/YR 9.731 10.122 9.720 8 
4 
8 LABOR TO MATERIAL RATIO 40/60 40/60 40/60 
f;  
a ' ,, MImwa 
MM DOLLAUS/YR 16.218 16.870 16,200 
APPENDIX D 
SUtMARY OF PACILITY -TED COSTS 
OPERATIOUS AUD WAXNTENWIOCE 
SttlCtT 1 O t l  - - -- 
m E R t # C E  CPRX M-880 . 11 11 11 (MOTS 1) 
CAbt 1 2 3 
I 
COAt r r t D ,  TON/DAY 1,100 1,100 1,100 
TOTAL X M S T A U W  CAPITAL 
( T I C )  &W DoUARs 233.980 258.710 266.680 
DATE O F  =Y April 78 April 7 1  April 78 
OPERATING N O R  
w H w R 8 / w P m R  
Nn D O U A R S m  
I 
OPERATING W A n R U L s  
Nn W W l l l R o l Y R  
wgm"AL "SAGE 
I 
D O W / Y R  
u T u m  COSTS 
Nn D O U C U I l Y R  I 
I 
twmrmwa L A W R  
~ f 1 0 0 R S ~ P O W L R  
rn W U A R g / Y R  
t? 
8 mxmmea MATZ~XALS 
I Nn D O W / Y R  I LABOR TO MATERIAL RATIO 
a TOTAL MUTENAN= 3 
W U A l l b / Y R  
NOTES: (1) No coat breakdown provided 
A?PtUDIX 0 
SUMMARY or ~ A C I L : ~  RELATED COSTS 
OPERATIONS AItD MAI24TIENMa 
s m  1 01 1 
I 1 I I 
?E 1775-7 12 
WIT 1 
COAL ?EtD, TO#/ay  30,000 
TOTAL XNSTULEO W X T U  ( trio n mums t rm 11 1 l ,  376.3 1 
( 1 UTILITY COSTS 
NOTES: (1) Inclubor SM 164.3 for coal rain0 ( 2 )  598 tor coal nrino 
( 3 )  217 for coal mine 
SUmAm O? ?AGILITY RELATED COSTS 
1 TOTAL INSTALLED CAPITAL 1 
(TIC) IPd DOLLARS 
I UTILITY COSTS I 1 I I I 
DATE OF NONEY 
OPEMTXWG LlUOR ( W m  1) 
tWl l IOUW/mmwR 
1st Qtr 78 
8*76V 
l#t Qtr 18  
1 * 760/ 
I 
(TIC) M4 -IU 732.836 I I 
LUTX O? #IlsEY Art Otr 7 
OPtSUTIWQ LADOR I 
APPrnXX 0 
SUMMARY OF FACILITY RUATED COSTS 
OPSRATIONS AND ~~a 










t D R I  AF-753 ' 
CASE 
COAL PEED, -/DAY 
TOTAL INSTALLED CAPITAL 
(TIC) Mn DOLLARS 
cum OF ~ I O E Y  
OPERATING LlUOR 
~ H O U R S / ~ W E R  
19 
BXTC 
10 # 000 
619.470 
Hid 76 
SUMXARY OF FACILITY RELATED COSTS 
OPERATIONS AND MAINTENANCE 
SmmT 1 O f  1 
MFER)GNCE EPRI M-1227 
CASE 
COAL FEED, TON/My 
TOTAL INSTALLED CAPITAL 
(TIC) MM DOLLARS 
DATE OF WNEY 














SYSTEM STREAM CHARACTER1 ZATION AND RAW MATERIALS 
SHIFT CONVERSION 
METHANATION 






SYSTEM STHEM1 CIIAIIACTES L Z?lrION X J D  MIJ 14ATGRIRLS 
SYSTEM NUMBER - 
9 0  [INIT OPERATION NUKBER ,-, 
I)I;scRIPTION SHIFT CONVERSION 















UNIT OP 8 4  
H20 
6 0 0  
400-1 5 0 0  
nto. 2 
SOUR H20 












Z 6 i4 
NO. 1 
FEED GAS 




4 0 0  
NO. 1 
SHIFT GAS 
UNIT OP 91,92 
H2 ,C02 ,CO .H20 
H2S, COS 
1 0 0  
3 7 5  
NO. 1 
1. HIGH TEMP. CATALYST 
2 . LOW 1 t i v i r ' .  CATALYST 
3.  
4 .  
5 *  
6. 
7 .  



















S I G -  MINOR CONPOKENTE 
TEP:?S!'ATURE, OF 




S I G .  MINOR COXPONENT 
TEMPERATURE, OF 
PRESSURE,  P S I G  
DESCRIPTIOiJ 
U S E S  
:3AJOR COWONENT 
S I G .  MINOR COMPONENT 
TEMPERATURE, OF 
PRESSURE,  P S I G  
APPE::DIX E 
SYSTEM STREAEI CiiARACTtSIZATION M!D R A W  MATERIALS 
SYSTEM NUi-lBER - 
UNIT OPERnTION NUMBER 91 
UCSCRIPTION METHANATION I i 





















UNIT OP 85 
H2° 
1 0 0  
NO. 2 
-. 
















UNIT OP 93 
CH4 















1. MET!iA?lAT13N CATALYST - NICKEL O X I D E  
2 .  SULFUR POLISH - ZINC O X I D E  
3. 
4 .  
5 .  





SIG. MINOR COMPONENTS 
TEMPERATURE, OF 









U S E S  
:.SAJOR COMPONENT 
SIG. MINOR COI-IPONEXT 
TEMPERATURE, OF 
















SYSTEM STREMI CkIARACTE31 XATION A%D RRLq 1-IATERIALS , 
92 UNIT OPERATION NUMBER . 
I)EsCRIPTION PRODUCT GAS DRYING - 













SYN. NAT. GAS 
UNIT  OP 92 
cH4 
H209 H2 
1 0 0  






1 0 0  











1. TRI  ETHLY ENE GLYCOL 
2 .  
3. 
4 .  
5 .  






SIG. MINOR COMPONENTS 
TEMPERATURE, OF 





S I G .  MINOR CONPONENT 
TEMPERATURE, OF 




S I G .  MINOR COMPONENT 
TEI'IPERATURE, OF 






















' SYSTE!.! STREN.1 CHARACTEHIZATION AiiD RAW t4ATERIALS 
SYSTEM NUMBER - 
UNIT OPERRTfON NUMBER 93 
I.. 
I ;  
.-A 









NO. . 2  
PURGE GAS 
BATTERY L IMI '  
CH4 
CO 
2 0 0  
2 0 0  









UNIT OP 22 
COr H2 




BATTERY L IM IT  
C H p  
H20 










U S E S  
:dAJOR CONPONENT 
S I G -  MINOR COtPONENT 
TEMPERATURE, OF 
PRESSURE, P S I G  
DESCRIPTIOM 
O R I G I  3 
MAJOR COMPONENTS 




















1 SYNTHESIS CATALYST - COPPER BASE 
2 . 
3. 
4 .  
5 .  
il 
- 
a! * 5 .  
z 
tr; 7. I , I  
2 .  51 
i I 
&: 
A- E-4 I 
RPPESDIX E 1 
SYSTEM STRE1d.i CHARACTER1 Z?.TION AND R A W  C.1ATERIUS 
SYSTEM NU14BER - 
UNIT OPERATION NUMBER ,%> 































1 OF 1 











UNIT OP 92 
CH30H 
H20 















1. SYNTHESIS CATALYST - ZEOLITE i 
2.  
3 .  
!. I I 
5 .  
5 .  
7. 
8. 



























SYSTEM STREN.1 CiihRACTERi Z AT1 ON AND R A W  MATERIALS I ,  
r2 
U N I T  O P E M T I O N  NUMBER 95 ..* 






















SIG. MINOR COEIPONENTP 
TENPERATURE, OF 




S I G .  MINOR COMPONENT 
TEMPERATURE, OF 
PRESSURE, P S I G  . 
DESCRIPTION 
U S E S  
I.UWOR COMPONENT 
S I G .  MINOR COhI30NENT 
0, TEMPERATURE, r 







A - !I 
T '  
NO. i 
SHIFT GAS 
UNIT  OP 9 0  
COB C02 
$0 















1. MOLECULAR SIEVES 
2 .  
3. 
4 .  
5. 
5 .  
7 .  
s. 
- 1  













110.  4 
I 
I 











SYSTEM NUMBER - 
U N I T  OPERATION NUMDER 95  
